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La superconductividad es un fenómeno cuántico a nivel macroscópico que se caracteriza por la
ausencia de resistividad y la expulsión de campos magnéticos externos por debajo de una temperatura
crı́tica. Inicialmente, los superconductores (S) eran considerados como elementos de resistencia cero
en un circuito. Sin embargo, la naturaleza cuántica de este fenómeno permite un número aplicaciones
potencialmente mucho más interesantes, número que sigue aumentando hoy en dı́a. El avance en los
métodos de fabricación y miniaturización de heteroestructuras formadas por superconductores de alta
calidad (S), metales normales (N), partes ferromagnéticas (F), semiconductores, materiales con fuerte
interacción espı́n-órbita (SOC por sus siglas en inglés) o gases de electrones 2D ha abierto el camino a
estudiar una gran cantidad de efectos debidos a la coherencia de fase y ha hecho de los superconductores
la base para futuras tecnologı́as emergentes, como la simulación cuántica, la detección cuántica y la
computación cuántica.
El fundamento teórico para la explicación de la superconductividad se basa en la inestabilidad de un
gas de Fermi a que los electrones con energı́as cercanas a la energı́a de Fermi se atraigan mediante
una interacción arbitrariamente débil (teorı́a BCS). En los llamados superconductores convencionales,
la interacción electrón-fonón es la causante de la atracción que une los electrones por parejas, conocidas
como pares de Cooper. En estos superconductores, es energéticamente favorable unir electrones con
momento y espı́n opuesto. Por ello, los pares de Cooper tienen un espı́n entero y se comportan como
bosones, pudiendo poblar ası́ el mismo estado cuántico macroscópicamente. La condensación de los
electrones en pares de Cooper desemboca en la aparición de una banda de energı́as prohibidas en el
espectro de excitaciones del superconductor alrededor de la energı́a de Fermi. La formación de pares
de Cooper es un concepto general, por lo que existen diversos mecanismos de enlace entre electrones
que se traduzca en la aparición de la superconductividad en gran variedad de materiales. Aún no se han
entendido teóricamente todos estos mecanismos, por lo que, hoy en dı́a, la búsqueda de nuevos tipos de
superconductores sigue en marcha.
En esta tesis investigamos la evolución del estado singlete de un material superconductor convencional
debido a campos dependientes del espı́n a su alrededor. Las correlaciones superconductoras no están
únicamente ligadas al superconductor, sino que pueden penetran en materiales metálicos adyacentes una
profundidad del orden del tamaño tı́pico de los pares de Cooper (conocida como la longitud de coheren-
cia superconductora), que a su vez depende fuertemente del propio material conductor. En general,
el material no superconductor en contacto con el superconductor adquiere propiedades de este último.
Este efecto se conoce como efecto de proximidad y da lugar a fenómenos de coherencia de fase muy
interesantes.
Una de las manifestaciones destacadas de los efectos de proximidad es el efecto Josephson. El estado
base de un superconductor se describe mediante una función de onda macroscópica, caracterizada por
una fase. El efecto Josephson es la transmisión coherente de pares de Cooper entre dos superconductores,
separados por una barrera aislante estrecha o una región conductora, que difieren en la fase de su propia
función de onda macroscópica. Esta diferencia de fase genera una corriente no disipativa sin la necesidad
de aplicar una diferencia de potencial (efecto Josephson de corriente continua).
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La primera parte de la tesis introduce los efectos de proximidad en heteroestructuras superconductor –
metal normal de manera didáctica. Repasamos brevemente distintos aspectos de la teorı́a BCS e intro-
ducimos dos formalismos distintos para describir propiedades de equilibrio y de transporte en sistemas
superconductores no homogéneos, a saber, las ecuaciones Bogoliubov-de Gennes y las funciones de
Green cuasiclásicas. Ambos formalismos van a ser usados a lo largo de la tesis. Dentro del formalismo
de Bogoliubov-de Gennes, explicamos los procesos microscópicos que gobiernan el transporte en het-
eroestructuras N/S, es decir, las reflexiones de Andreev que ocurren en las interficies S/N y los estados
localizados de Andreev que se forman en uniones S/N/S. Asimismo, poniendo como ejemplo los casos
de una interficie S/F y una unión S/F/S, demostramos que un campo dependiente del espı́n puede al-
terar el efecto de proximidad y las propiedades de transporte de este tipo de sistemas, introduciendo ası́
distintas maneras de controlar el transporte. El campo de canje en un material ferromagnético separa
las bandas de energı́a anteriormente degeneradas en espı́n y, por consiguiente, el alineamiento de los
espines de manera paralela se vuelve energéticamente favorable. Este efecto compite con el mecanismo
convencional de emparejamiento entre los electrones que prefiere que los espines se encuentren colo-
cados de manera antiparalela. En heteroestructuras S/F, la competición entre el ferromagnetismo y la
superconductividad conduce a un efecto de proximidad de corto alcance y en uniones S/F/S, en función
de la longitud de la unión y de la fuerza del campo de canje, a la inversión de la corriente Josephson
continua máxima,, conocido como transición 0-π.
A la parte introductoria le siguen los resultados originales surgidos de la investigación. El segundo
capı́tulo de la tesis se centra en la aparición de estados localizados de Andreev y en el efecto Josephson
en uniones balı́sticas con superconductores con bandas de espı́n separadas (SS). Para obtener la sep-
aración de bandas de espı́n en pelı́culas superconductoras se puede, bien aplicar un campo magnético
externo, bien poner en contacto capas de aislantes ferromagnéticos. En este último caso, la interacción de
canje entre los electrones de conducción en el superconductor y los momentos magnéticos localizados
en el aislante ferromagnético separa las bandas de espı́n en la densidad de estados del superconduc-
tor. Utilizar aislantes ferromagnéticos para lograr grandes separaciones evita tener que aplicar campos
magnéticos fuertes, lo cual conlleva una gran ventaja. En uniones SS/N/SS, se puede controlar la ori-
entación de los campos de canje en cada uno de los superconductores. Tal y como ha sido demostrado,
es posible incrementar la corriente crı́tica en este tipo de uniones aumentando la magnitud de los campos
de canje, cuando dichos campos están alineados de manera antiparalela. Considerando que la separación
de las bandas de espı́n tı́picamente se traduce en la destrucción de pares de Cooper, este es un resultado
ciertamente contraintuitivo. La dependencia de los estados de Andreev localizados en función de la
diferencia de fase entre los lados superconductores no habı́a sido estudiada hasta el momento. Por lo
tanto, con el fin de incrementar el conocimiento alrededor de los procesos microscópicos subyacentes,
hemos analizado las propiedades espectrales de este tipo de uniones dentro del formalismo Bogoliubov-
de Gennes.
En una unión balı́stica corta S/N/S con parámetros de orden iguales, el tuneleo a través de los estados
de Andreev localizados es la contribución dominante a la corriente Josephson a baja temperatura. En
las uniones equivalentes SS/N/SS, demostramos que cualquier desviación de la situación con campos
de canje iguales en ambos superconductores, se traduce en la desaparición de los estados de Andreev
localizados para un rango finito de diferencias de fase ϕ definido mediante una fase crı́tica, ϕc, de modo
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que |ϕ| < ϕc. Este es un fenómeno originado por la asimetrı́a en la estructura de espı́n de las bandas
prohibidas en los electrodos SS a la izquierda y a la derecha de la unión. Como consecuencia, la corriente
Josephson en el intervalo de diferencias de fase superconductora anteriormente descrito se lleva a cabo
exclusivamente por estados en la parte continua del espectro. El valor de ϕc no depende de la transmisión
de la unión, por lo que es robusto ante imperfecciones. Cuando |ϕ| < ϕc, la corriente Josephson se
compone por la suma de las contribuciones de los estados de Andreev localizados y aquellos en la
parte continua del espectro. En uniones con perfecta transmisión, el tuneleo a través de los estados de
Andreev domina en la corriente, mientras que en uniones con mala transmisión la corriente se describe
únicamente mediante las excitaciones en la parte continua del espectro. Incluso cuando la banda de
estados de Andreev de mayor energı́a se incorpora a la parte continua del espectro, hay otros estados de
Andreev localizados de menor energı́a que están definidos para todos los valores de ϕ. Por lo tanto, el
valor de ϕc decrece cuando la longitud de la unión crece.
Después de cubrir el efecto de proximidad en sistemas balı́sticos con materiales ferromagnéticos en
detalle, cambiamos el tema para centrarnos en sistemas difusivos. Discutimos la aparición de las lla-
madas correlaciones triplete de largo alcance (LRTC por sus siglas en inglés) en materiales con fuerte
ferromagnetismo y cómo estas afectan al efecto Josephson.
La coexistencia de superconductividad y ferromagnetismo deriva en correlaciones superconductoras del
tipo triplete. En una heteroestructura S/F con un campo de canje homogéneo, los pares de Cooper en
estado singlete que penetran el material ferromagnético se convierten parcialmente en pares del tipo
triplete, cuya proyección de espı́n total con respecto al campo de canje es igual a cero. En un mon-
odominio magnético difusivo, las correlaciones singlete y triplete del condensado decaen a lo largo de
la longitud magnética caracterı́stica, ξh, la cual depende de la magnitud del campo de canje. En su-
perconductores convencionales y para magnitudes de campos de canje tı́picas, ξh es mucho menor que
la longitud térmica caracterı́stica de decaimiento, ξω, de los sistemas sin magnetismo. A su vez, las
componentes del estado triplete con proyecciones de espı́n finitas, esto es, perpendiculares al campo de
canje, no son afectadas por el efecto de ruptura de pares y su longitud de decaimiento caracterı́stica es
comparable a ξω. Este tipo de LRTC pueden generarse por la falta de homogeneidad del campo de canje
o debido a la presencia de SOC junto a un campo de canje homogéneo. La predicción de LRTC en
estructuras hı́bridas S/F ha ha sido corroborada por medio de diversos trabajos experimentales.
Por el contrario, la generación de LRTC en sistemas con SOC y campos de canje homogéneos aún no
se ha observado. Recientemente, se han explorado experimentalmente uniones Josephson transversales
con campos magnéticos dentro del plano y materiales con SOC, pero no se ha encontrado ninguna
evidencia de LRTC en la corriente Josephson. En este tipo de uniones S/F/S multicapa la condición
para que aparezcan LRTC es bastante restrictiva. Por ejemplo, para que un acoplamiento espı́n-órbita
del tipo Rashba genere LRTC, la magnetización tiene que tener una componente fuera del plano. Este
es un escenario bastante desfavorable, ya que campos de canje de este tipo pueden crear vórtices en el
superconductor que compliquen la interpretación de los resultados experimentales.
Las estructuras laterales son mucho más adecuadas para la observación de LRTC inducidas por SOC,
ya que las corrientes también tienen una componente a lo largo de la interfaz hı́brida. En el capı́tulo 3
repasamos brevemente el efecto de proximidad bajo la influencia de de campos dependientes del espı́n
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en heteroestructuras difusivas y demostramos que las uniones laterales son la configuración idónea para
el estudio de corrientes Josephson de largo alcance. Seguidamente, proponemos dos tipos de uniones
realistas, las cuales representan las configuraciones más favorables para observar la generación de LRTC.
Calculamos la corriente Josephson en presencia de SOC del tipo Rashba y Dresselhauss, lo cual resulta
en efectos anisotrópicos de relajación y precesión del espı́n. La contribución de estos dos efectos a la
corriente Josephson depende fuertemente en la orientación de los campos de canje y su coexistencia
conlleva a una variedad de escenarios donde la corriente se invierte.
Consideramos dos geometrı́as posibles de uniones laterales. La primera de ellas consiste en un puente
ferromagnético que une los electrodos superconductores, mientras que los campos de SOC se originan
mediante capas de metales pesados intercaladas entre los finales S y el puente. En el segundo tipo de
unión, el campo de canje y el SOC son finitos a lo largo de todo el puente. En una configuración realista,
el segundo escenario puede realizarse por medio de un puente 2D semiconductor en un campo magnético
externo. Presentamos resultados analı́ticos de la ecuación de Usadel linealizada para la corriente Joseph-
son en el primer tipo de uniones. Estos resultados analı́ticos son complementados por cálculos numéricos
en ambos tipos de uniones. Tanto los resultados analı́ticos como los numéricos muestran que se puede
controlar la magnitud y signo de la corriente Josephson mediante la variación de la dirección del campo
de canje y la magnitud del SOC. Además su posible aplicación como válvula de supercorrientes, estos
resultados demuestran que este tipo de uniones laterales pueden ser usadas como detectores del efecto
de proximidad de largo alcance inducido por SOC y campos de canje homogéneos.
Siguiendo estos estudios centrados en el efecto Josephson, nos centramos ahora en otro fenómeno de
equilibrio, a saber, las corrientes de equilibrio de espı́n (ESC por sus siglas en inglés). Al contrario que
la corriente Josephson, las ESCs no son corrientes de transporte, por lo que no pueden desembocar en
acumulación de espı́n en presencia de simetrı́a de inversión temporal. En el capı́tulo 4 mostramos que
un nanohilo con SOC y simetrı́a de inversión temporal rota por un campo de Zeeman presenta una ESC,
la cual se manifiesta como una polarización de espı́n no despreciable perpendicular al campo Zeeman.
Desde el principio, el mismo Rashba demostró que cualquier sistema descrito por el hamiltoniano
Rashba estándar de dos dimensiones permite corrientes de espı́n incluso en equilibrio termodinámico.
Estas corrientes de espı́n en equilibrio en materiales con acoplamiento espı́n-órbita (SOC por sus siglas
en inglés) han atraı́do gran atención. Las corrientes de espı́n normalmente son detectadas de forma in-
directa, por ejemplo, midiendo el voltaje de la corriente de espı́n inducida por la acumulación de espı́n
fuera del equilibrio con un sensor ferromagnético, o resistencia magnética “spin-Hall”. No obstante, las
ESC no conducen a esa acumulación de espı́n y por tanto no pueden ser detectadas por los métodos di-
chos anteriormente. De hecho, las ESC, parecen ser conceptualmente no observables al ser corrientes de
fondo que no se transportan, aunque se han presentado propuestas que las relacionan con el esfuerzo de
torsión mecánico, el cual sı́ es detectable. Por estas razones, la interpretación de las ECS es aún objeto de
debate. Además, en presencia de SOC, el espı́n no se conserva de la forma que estamos acostumbrados.
Teóricamente, esta controversia se puede eliminar tratando el SOC como un campo externo modificado
de tipo SU(2), aunque desde el punto de vista experimental las ESC siguen siendo huidizas.
En el capı́tulo 4 demostramos una correspondencia entre las ESC en hilos nanométricos con SOC y una
polarización transversal del espı́n inducida en el filo del hilo nanométrico. Al contrario que las ESC, la
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polarización del espı́n puede ser detectada experimentalmente. La correspondencia puede considerarse
universal puesto que se cumple para cualquier sistema unidimensional (o quasi-unidimensional) de var-
ios cuerpos, siempre y cuando la interacción partı́cula-partı́cula sea independiente del espı́n. Las ESC
aparecen especı́ficamente cuando se aplica un campo magnético B con un componente perpendicular al
SOC, induciendo una división Zeeman del campo, h = gµBB. Mostramos que estas ESC internas siem-
pre van acompañadas con una acumulación de espı́n en el filo que es transversal tanto al campo Zeeman
como al SOC. Esta acumulación transversal de espı́n en equilibrio también puede entenderse como una
redistribución de la densidad de espı́n en el sistema como una respuesta a una corriente electromagnética
directa. Por tanto, la medida de la densidad de espı́n transversal deberı́a ser una evidencia de las ESC en
hilos nanométricos. Esta acumulación transversal de espı́n no se muestra solo en el estado normal, si no
que también cuando el nanohilo tiene una diferencia ∆ de superconductividad en la densidad de los es-
tados inducidos, por ejemplo, por proximidad a un superconductor. Es decir, encontramos una conexión
entre la existencia de ESC y una respuesta paramagnética anómala del superconductor que generaliza la
teorı́a, ya establecida, de “Knight-shift” en superconductores.
Recientemente los nanohilos semiconductores con acoplamiento espı́n-órbita, como InAs y InSb, conec-
tados con superconductores tradicionales han sido explorados de manera intensiva debido mayormente
a la posibilidad de crear modos cero de Majorana y superconductividad topológica en estos sistemas.
Tanto las ESC como los modos cero de Majorana, necesitan un componente de campo de Zeeman per-
pendicular al SOC. En el contexto de los fermiones de Majorana, muchos estudios teóricos han hecho
la conexión entre la polarización del espı́n inducida en el filo del hilo y la transición topológica cuando
h =
√
µ2 + ∆2, siendo µ el potencial quı́mico. En este capı́tulo demostramos que la polarización
transversal del espı́n en el filo es una propiedad universal de los nanohilos que permiten las ESC y existe
para todos los valores de h, incluidos aquellos muy por debajo de la transición topologica. Por lo tanto,
su detección no puede ser asociada directamente a los modos cero de Majorana, si no a la existencia
de ESC. Especı́ficamente, en función del campo Zeeman h, la acumulación total del espı́n muestra en
general una cúspide en h =
√
µ2 + ∆2. Cabe destacar que cuando ∆ µ, la acumulación transversal
de espı́n muestra además un máximo pronunciado en h ≈ ∆ y puede ser mucho mayor que la magnitud
de la cúspide cuando h = µ. Analizamos en detalle este máximo de la acumulación de espı́n y muestra
robustez ante el desorden. Finalmente, presentamos resultados analı́ticos para la distribución espacial
del momento magnético inducido como respuesta al campo de Zeeman. Encontramos que la susceptibil-
idad transversal cerca al filo del hilo puede ser mucho mayor que la longitudinal para valores pequeños
de SOC.
Los capı́tulos previos han estado centrados en heteroestructuras superconductoras, donde el estado nor-
mal de dispersión es cuadrático en momento. Para la parte final de la tesis, nuestro propósito fue estudiar
el efecto de proximidad en heteroestructuras entre superconductores y los recientemente descubiertos,
semimetales Weyl (WSM por sus siglas en inglés). Siendo un tipo de material novedoso y emocio-
nante que muestra una dispersión pseudo-relativista alrededor de los llamados puntos Weyl en la zona
de Brillouin, y estados de superficia inusuales llamados arcos de Fermi, que son una consecuencia de la
estructura topológica de la dispersión del interior, del “bulk”. Este estudio inicial de las propiedades de
transporte en la interfaz de WSMs en el estado normal, como una introducción básica al tema, condujo
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al descubrimiento de un interesante efecto de filtrado, el cual es el protagonista del último capı́tulo de
esta tesis.
La posibilidad de filtrar grados de libertad de mecánica cuántica es la esencia de la computación. Por
ejemplo, los transistores electronicos están basados en la filtración de carga eléctrica para controlar el
flujo de corriente, mientras que en espintrónica se basa en filtrar la proyección del espı́n hacia arriba
y del espı́n hacia abajo para codificar información. En metales donde las quasi-partı́culas de baja en-
ergı́a se comportan como partı́culas pseudo-relativistas, como el caso de grafeno bidimensional o WSMs
tridimensionales, existe un grado de libertad adicional que puede servir como alternativas para la com-
putación. En dos dimensiones, las quasi-partı́culas de Dirac son excitaciones en torno a un especı́fico
momento conocido como valles, con relaciones de dispersión lineal. Mediante la población selectiva
de uno de los valles, este grado de libertad puede ser usado para codificar información, pudiendo ser
llamado valletrónica. En tres dimensiones, las quasi-partı́culas Weyl son excitaciones en pareja dando
lugar a nodos Weyl en posiciones arbitrarias del espacio momento con quiralidad opuesta. La quiralidad
es un grado de libertad mecanico-cuántico que se refiere a si el momento de la quasi-partı́cula esta apun-
tando en paralelo o anti-paralelo con respecto a su espı́n. De forma similar al filtro del valle, un filtro
de quiralidad puede ser usado para codificar información. En el último capı́tulo repasamos brevemente
la ecuación de Dirac y la ecuación de Weyl que describen masas relativistas y fermiones de espı́n 1/2
sin masa, respectivamente. Presentamos, además, la conexión con realizaciones en materia condensada
mediante la inserción de un código mı́nimo que describe estos dos tipos de quasi-partı́culas fermionicas.
Proponemos una simple realización de un filtro de quiralidad tridimensional. El filtro está basado en la
interfaz de dos WSMs de diferente quiralidad, WSM1 y WSM2, donde los nodos de Weyl de quiralidad
opuesta están separados en energı́a y momento en cada lado de la interfaz. La condición general para
la transmisión/bloqueo en los nodos con la misma quiralidad es, que las proyecciones de superficies de
Fermi alrededor de nodos en WSM1 y WSM2 en el plano de la interfaz tenga una superposición o no
estén unidos. Los efecto de filtrado propuesto no requiere diferencias en dopado, barreras de potencial
o campos externos. Calculamos la conductancia diferencial a través de la interfaz por la cual puede ser
medido en los experimentos e identificamos el régimen en el cual es posible conseguir la transición de
una, ninguna o ambas quiralidades. También, un nodo intermedio moderador y el caso de una barrera
geométrica WSM1/WSM2/WSM1 han sido investigados, donde mostramos que ambos casos restringen
el régimen del parámetro donde aparecen efectos de filtrado.
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Résumé
La supraconductivité est un phénomène quantique macroscopique caractérisé par l’annulation de la
résistivité électrique et l’expulsion du champ magnétique en dessous d’une température critique. Initiale-
ment, les supraconducteurs (S) furent considérés comme des éléments de circuits électriques à résistance
nulle. Cependant, la nature quantique de ce phénomène a conduit à des applications radicalement nou-
velles et excitantes. Les progrès constants dans la fabrication et la miniaturisation d’hétérostructures
supraconductrices comprenant des éléments métalliques dans l’état normal (N), des ferromagnétiques
(F), des semi-conducteurs, des matériaux à fort spin orbite, ou encore des gaz d’électrons 2D, ont ou-
vert la voie à l’étude de nombreux effects cohérents de phase et ont placé les supraconducteurs à la
base des technologies émergentes pour le futur comme la détection quantique, la simulation et le calcul
quantiques.
L’origine physique de la supraconductivité réside dans une instabilité du liquide de Fermi électronique
vis à vis d’une attraction même infinitésimale entre les électrons au voisinage de la surface de Fermi
(théorie BCS). Dans les supraconducteurs dits conventionnels, l’attraction entre les électrons est véhiculée
par échange de phonons, et force les électrons à se combiner en paires de Cooper. Ces paires de Cooper
combinant des électrons de moment et de spin opposés, forment des quasi-bosons composites de spin
nul et d’impulsion totale nulle, pouvant se condenser dans un état quantique macroscopique unique.
Cette condensation conduit à la formation d’un gap supraconducteur dans le spectre d’excitation du
supraconducteur. Ce concept de formation de paires de Cooper peut être généralisé à d’autres types de
mécanismes de pairing. Actuellement, certains de ces mécanismes ne sont pas complètement compris et
la recherche de nouveaux types de pairing reste active.
Dans cette thèse, nous étudions la compétition entre la supraconductivité de type singulet de spin et s-
wave avec les champs d’échange et spin-orbite susceptibles d’influencer différemment les spins opposés
des paires de Cooper. Les corrélations supraconductrices ne sont pas confinées aux seuls matériaux
supraconducteurs, et peuvent pénétrer un conducteur normal sur une échelle spatiale de l’ordre de la
longueur de cohérence. Cette longueur dépend des caractéristiques du matériau normal. D’une manière
générale, des conducteurs normaux peuvent ainsi acquérir certaines propriétés supraconductrices par
effet de proximité, donnant lieu à des phénomènes cohérents de phase intéressants.
L’effet Josephson est l’une des manifestations les plus importantes de l’effet de proximité. L’état fon-
damental d’un supraconducteur est décrit par une fonction d’onde macroscopique caractérisée par une
phase. L’effet Josephson consiste en un supercourant de paires de Cooper s’établissant entre deux supra-
conducteurs dotés de phase distinctes et séparés par une barrière isolante, ou un métal normal. Ce courant
non-dissipatif s’écoule à voltage nul et dépend de la différence de phase entre les deux électrodes supra-
conductrices (effet Josephson DC).
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La première partie de ce manuscrit de thèse est une introduction à l’effet de proximité dans des hétérostructures
entre supraconducteurs et métaux normaux. Après avoir rappelé brièvement quelques éléments de la
théorie BCS, nous présentons deux formalismes adaptés à l’étude de propriétés thermodynamiques et de
transport dans les supraconducteurs non homogènes : le formalisme de Bogoliubov-de Gennes (BdG)
et le formalisme des fonctions de Green quasi-classiques. Le formalisme BdG permet de compren-
dre les mécanismes de scattering microscopiques qui gouvernent le transport dans les hétérostructures
N/S. Le principal mécanisme est la réflexion d’Andreev sur une interface S/N, et la formation d’états
liés d’Andreev dans les jonctions S/N/S. Puis, nous présentons les cas importants d’une interface S/F
et d’une jonction Josephson S/F/S. Dans un ferromagnétique, le champ d’échange favorise l’alignement
des spins dans la même direction et sépare les bandes de spins opposés. L’interaction d’échange est donc
antagoniste à l’appariement BCS qui favorise l’antialignement des spins au sein des paires de Cooper
singulet de spin. Dans les hétérostructures S/F, cette compétition entre le ferromagnétisme et la supra-
conductivité conduit à un effet de proximité à très courte portée, et la possibilité d’une transition zero-pi
dans laquelle le courant critique change de signe en fonction des paramètres champ d’échange et/ou de
longueur du ferromagnétique.
Cette partie introductive est suivie par une série de chapitres consacrés à l’exposition des résultats de
recherche originaux de cette thèse.
Le second chapitre traite de la formations des états liés d’Andreev et de l’effet Josephson associé dans
des jonctions ballistiques entre “spin-split” (SS) supraconducteurs dont la densité d’états est fortement
affectée par un champ magnétique extérieur, ou bien des champs d’échange. Ces champs d’échange
peuvent être obtenus en mettant en contact des films minces supraconducteurs avec des isolants fer-
romagnétiques. La densité d’état dépendante de spin a pour origine l’interaction d’échange entre les
électrons de conduction et les forts moments magnétiques localisés dans l’isolant ferromagnétique.
L’utilisation d’isolants ferromagnétiques a l’avantage de suppléer à l’application de champs magnétiques
externes, qui devraient être très élevés pour obtenir un effet similaire. Nous considérons des jonctions
Josephson SS/N/SS dans lesquels l’orientation du champ d’échange peut être contrôlée individuellement
dans chaque supraconducteur. Nous avons démontré qu’il est possible d’augmenter le courant critique
Josephson en augmentant l’amplitude des champs d’échange, lorsque ceux-ci sont alignés de manière
antiparallèle. Les états liés d’Andreev (ELA) n’avaient pas été étudiés en détail dans ce type de jonc-
tions. Nous avons donc analysé leurs propriétés spectrales, et démontré que pour des champs d’échange
de même sens, on a généralement la suppression des ELA pour certains intervalles de la différence de
phase supraconductrice. En général, le courant Josephson est porté en partie par les ELA et en partie par
le continuum des états d’énergie au-dessus du gap.
Dans le chapitre 3, nous avons étudié la génération de corrélations triplet de longue portée (CTLP)
dans des ferromagnétiques diffusifs et évalué comment elles affectent l’effet Josephson. En théorie,
ces corrélations triplet à longue portée (CTLP) peuvent être engendrées par la présence simultanée de
couplage spin-orbite (CSO) et d’un champ d’échange uniforme, mais cela n’a pas encore été confirmé
expérimentalement. Nous proposons des designs de jonctions favorables pour mettre en évidence ces
CTLP, et nous calculons le courant Josephson pour deux types de CSO. Dans une hétérostructure S/F
avec un champ d’échange uniforme, les paires de Cooper singulet peuvent pénétrer le ferromagnétique et
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sont partiellement converties en paires triplet mais ayant une projection du spin total nulle le long de l’axe
unique défini par le champ d’échange. Dans un monodomaine ferromagnétique diffusif, les corrélations
singulet et triplet du condensât supraconducteur décroissent à l’échelle de la longueur magnétique, qui
dépend de l’énergie d’échange. Pour les supraconducteurs conventionnels et les champs d’échange
typiques, cette longueur magnétique est bien plus courte que la longueur thermique caractérisant la
décroissance des corrélations supraconductrices du système non magnétique. En revanche, les com-
posantes triplet avec une projection du spin total non nulle, ne sont pas affectées par l’effet de pair break-
ing du champ d’échange et décroissement lentement sur une échelle spatiale comparable à la longueur
thermique. De telles CTLP peuvent être générées par des inhomogénéités du champ d’échange, ou bien
par la présence d’un couplage spin-orbite (CSO) dans un champ d’échange homogène.
La présence de CTLP a été vérifiée expérimentalement en utilisant des champs d’échange inhomogènes
dans des hétérostructures S/F. En revanche, la génération de CTLP par le couplage spin-orbite en champ
d’échange uniforme n’a pas encore été mise en évidence expérimentalement. Récemment, des jonctions
Josephson avec un champ magnétique dans le plan et du spin-orbite ont été réalisées expérimentalement
mais le courant Josephson mesuré ne montre pas de signes de CTLP. En effet dans de telles jonctions
S/F/S verticales, la condition pour la formation de CTLP est très restrictive. En particulier pour qu’un
couplage spin-orbite de type Rashba puisse générer des CTLP l’aimantation uniforme doit posséder
une composante hors du plan. Ceci est un scénario défavorable car un tel champ d’échange peut créer
aussi des vortex dans le supraconducteur ce qui complique l’interprétation des résultats expérimentaux.
Plus souhaitable pour l’observation des CTLP est la géométrie latérale, dans laquelle les courants ont
aussi une composante le long de l’interface entre S et F. Dans ce chapitre 3, nous récapitulons les
bases de l’effet de proximité sous l’ influence de champ d’échange et de couplage spin-orbite dans
des hétérostructures diffusives. Nous démontrons que les jonctions latérales sont les dispositifs favor-
ables pour l’observation de courants Josephson sur de longues distances. Nous proposons deux types de
jonctions réalistes pour des expériences futures sur la génération de LRTCs, et nous calculons le courant
Josephson correspondant pour deux types de couplage spin-orbite, Rashba et Dresselhaus.
Nous avons traité deux géométries de jonctions. Le premier type de jonctions est constitué d’un pont
ferromagnétique reliant deux électrodes supraconductrices, le fort couplage spin-orbite provenant de
couches de métaux lourds intercalées entre les électrodes S et le pont ferromagnétique. Dans le sec-
ond type de jonctions, le champ d’échange et le couplage spin-orbite coexistent sur toute la longueur du
pont. Ce second scénario peut être réalisé au moyen d’un pont semi-conducteur 2D placé dans un champ
magnétique externe. Nous présentons des solutions analytiques des équations d’Usadel linéarisées, et
le courant Josephson pour le premier type de jonctions. Ces résultats analytiques sont complétés par
des calculs numériques sur les deux types de géométries de jonctions. L’ensemble des résultats, analy-
tiques et numériques, montrent que l’intensité et le signe du courant Josephson peuvent être contrôlés
en changeant le champ d’échange et le couplage spin-orbite. Au delà de l’application possible comme
valves supraconductrices, notre travail montre que les jonctions latérales peuvent être utilisées comme
détecteurs de l’effet de proximité triplet à longue portée induit par la combinaison d’un couplage spin-
orbite et d’un champ d’échange uniforme.
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Nous avons aussi étudié un autre phénomène d’équilibre, à savoir les courants de spin d’équilibre (CSE).
Dans le chapitre 4, nous montrons qu’un nanofil avec du couplage spin-orbite et brisant l’invariance par
renversement du temps par un champ Zeeman conduit à un courant d’équilibre bulk qui se manifeste par
une polarisation de spin (transverse au champ Zeeman) aux bords de l’échantillon.
Les courants de spin sont détectés indirectement en mesurant, par exemple, des voltages avec une
électrode ferromagnétique, ou par magnetoresistance de Hall de spin, induite par une accumulation de
spin. En revanche les CSE n’induisent pas d’accumulation de spin et ne peuvent donc pas être détectées
par ces méthodes. En effet, les CSE n’étant pas des courants de transport semblent inobservables, bien
que certaines propositions théoriques les aient reliés à des couples mécaniques détectables. Pour ces
raisons, l’interprétation des CSE est toujours sujette à débat.
Dans le chapitre 4, nous démontrons la correspondance entre les CSE dans des nanofils avec spin-
orbite et une polarisation de spin transverse plus simple à mesurer sans ambiguı̈té. Cette correspon-
dence est présente pour tout système (quasi-) unidimensionel en interaction, à condition que les in-
teractions electron-electron soient indépendantes de spin. Les CSE apparaissent par application d’un
champ magnétique B avec une composante perpendiculaire au spin-orbite, introduisant une levée de
dégénérescence Zeeman h = gµBB. Nous montrons que les CSE sont toujours accompagnés par une
accumulation de spin qui est transverse au champ Zeeman et au champ spin-orbite. Cette accumulation
de spin transverse peut être comprise comme une redistribution de la densité de spin en réponse à un
courant DC. Ainsi la mesure d’une telle densité de spin transverse serait une mise en évidence des CSE
dans le nanofil. Cette accumulation de spin existe non seulement dans l’état normal mais aussi quand
le nanofil est dans l’état supraconducteur (par exemple par proximité avec un supraconducteur). Nous
avons mis en évidence une connexion entre l’existence des CSE et la réponse paramagnétique anor-
male d’un supraconducteur. Les nanofils semi-conducteurs avec spin-orbite, tels que InAs et InSb, en
contact avec des supraconducteurs, ont été explorés très activement dans les dernières années, essen-
tiellement comme plateformes possibles pour la création de modes de Majorana et de supraconductivité
topologique. Aussi bien les CSE et les modes de Majorana nécessitent une composante du champ
Zeeman perpendiculaire au spin-orbite. Dans le contexte de la recherche des fermions de Majorana,
plusieurs travaux théoriques ont déjà fait le lien entre la polarisation de spin aux bords du fil et la tran-
sition topologique. Dans ce chapitre, nous démontrons que la polarisation de spin transverse aux bords
est une propriété universelle qui existe pour toutes les valeurs du champ d’échange h, y compris très loin
de la transition topologique. Ainsi la détection de cette polarisation ne sera pas à relier à l’existence de
modes de Majorana, mais à la présence des CSE.
Dans le dernière partie de cette thèse, nous avons étudié des propriétés de transport dans des semimétaux
de Weyl (SMW). Il s’agit d’une nouvelle classe de matériaux qui possèdent des quasiparticules à dis-
persion linéaire à proximité de points spéciaux de la zone de Brillouin appelés points de Weyl, ainsi
que des états de surface très spéciaux appelés arcs de Fermi. Nous avons démontré un effet de filtrage
de chiralité à l’interface entre deux SMW distincts. La possibilité de filtrer un degré de liberté de spin
est au coeur du calcul. Par exemple, les transistors de l’électronique numérique standard reposent sur
le filtrage de la charge électrique pour controller le courant, tandis que la spintronique exploite le spin
des porteurs de charges pour coder information. Dans les métaux ayant des quasiparticules de Dirac
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ou Weyl à dispersion linéaire, tels que le graphène 2D et les SMWs 3D, il existe d’autres degrés de
libertés qui sont couplés au mouvement des charges et peuvent servir de supports alternatifs au calcul et
à l’électronique du futur.
Dans le graphène, à deux dimensions, les quasiparticules de Dirac existent dans des zones restreintes,
appelées les vallées, autour de deux vecteurs d’ondes bien précis. Ce degré de liberté de vallée peut être
utilisé pour coder de l’information à condition de pouvoir peupler sélectivement une seule vallée. On
parle alors de valléetronique.
A trois dimension, les quasiparticules de Weyl sont localisées autour de noeuds de Weyl qui apparaissent
par paires de chiralités opposées. La chiralité est un degré de liberté quantique qui indique si l’impulsion
de la quasiparticule pointe dans la même direction que le spin ou bien dans la direction opposée. Par
analogie avec le filtrage de vallée, un filtre de chiralité pourrait être utilisé pour coder de l’information,
avec une protection topologique additionnelle. Dans ce dernier chapitre, nous rappelons brièvement les
équations de Dirac et de Weyl qui décrivent les fermions de spin 1/2, respectivement massifs (Dirac) et
de masse nulle (Weyl).
Nous présentons ensuite le modèle le plus simple de liaisons fortes qui réalise les fermions de Weyl en
matière condensée. Utilisant ce modèle, nous proposons une réalisation simple d’un filtre de chiralité
tridimensionnel. Le filtre consiste en une interface entre deux différents semimétaux de Weyl, dans
lequels les noeuds de Weyl de chiralités opposées de part et d’autre de l’interface sont séparés en énergie
et en impulsion.
La condition générale de transmission ou de blocage entre noeuds de même chiralité réside dans la con-
servation de l’impulsion transverse des quasiparticules. Notre proposition de filtre de chiralité n’exige
pas de réglage du dopage, de barrières de potentiels ou de champs externes. Nous avons calculé
la conductance différentielle à travers une interface qui peut être mesurée expérimentalement. Nous
avons identifié divers régimes de transport correspondant à la transmission d’aucune chiralité ou d’une





It has been known for millennia that “The totality is not... a mere heap, but the whole is other than the
sum of the parts.” Aristotle’s famous sentence applies perfectly to the physics of mesoscopic supercon-
ducting heterostructures. Bringing multiple different materials into contact multiplies the possibilities
to manipulate the transport and equilibrium properties in these hybrids. Superconductors are especially
interesting candidates to link with other materials. When brought into contact they form more than just
a mechanical connection with other materials: the superconductivity can leak far beyond the contact
region. In general, this makes it possible to observe superconductivity simultaneously with other in-
teresting phases of condensed matter, but the consequences on the system properties depend strongly
on the type of superconductivity and the altered material. In this thesis we will be concerned mainly
with hybrids of conventional superconductors and materials subject to magnetic and spin-orbit coupling
fields.
Superconductivity is a macroscopic quantum phenomenon characterized by a vanishing resistivity and
the expulsion of external magnetic fields below a critical temperature. In 1911 H. Kamerlingh Onnes
was the first to reach temperatures low enough to experimentally observe superconductivity in a mercury
sample [1]. A phenomenological theoretical description for the electrodynamics of superconductors (S)
has been provided by F. and H. London in 1935 [2] and generalized by Ginzburg and Landau in 1950 [3].
Finally in 1957 a microscopic description was provided by J. Bardeen, L. N. Cooper and J. R. Schri-
effer [4] known as BCS theory. They showed that the normal Fermi gas is unstable under arbitrarily
weak attractive interactions between electrons about the Fermi energy. The attraction between elec-
trons responsible for superconductivity was found to be mediated by electron-phonon interactions. In
this case it is favorable for electrons with opposite momenta and spins to bind into pairs, the so-called
Cooper pairs. This is referred to as s-wave or conventional pairing, as the total angular momentum of
the paired electrons forming the superconducting ground-state is zero. Materials exhibiting this pairing
mechanism are called conventional superconductors. Many elements that display superconductivity, like
Al or Nb, belong to this type. In the 1980’s several new classes of superconductors were discovered, in
particular organic [5], heavy-fermion [6], and copper-oxide superconductors [7], and the search is still
ongoing. In many of these new classes the pairing mechanisms are not fully understood, the pairing
has unconventional symmetry and the critical temperature Tc can be much higher then in conventional
superconductors. For conventional superconductors the currently highest experimentally observed Tc is
about 39 K [8]. In contrast, for the high temperature superconductors like the copper-oxide supercon-
ductor YBaCuO, Tc lies at 93 K [9], and the currently highest experimentally measured Tc of 203 K has
been observed in sulfur hydride systems under extremely high pressure [10].
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Although for conventional superconductors, it is necessary to achieve relatively low temperatures to en-
ter the superconducting state, they are an essential part for a range of practical applications. On a big
scale they are used as ideal conductors to create strong magnetic fields, as needed in particle accelerators
or for magnetic resonance imaging. On a small scale, constant advancement in the fabrication and minia-
turization of high quality superconducting heterostructures, involving normal metals (N), ferromagnets
(F), semi-conductors, materials with strong spin-orbit coupling (SOC) or two-dimensional (2D) electron
gases, has opened the path to study many interesting phase coherent effects and has made supercon-
ductors the basis for various future emerging technologies, for example quantum simulation [11] and
quantum computation [12, 13]. Conventional superconductors are used as an essential building block
in nanoscale devices where the quantum nature of the macroscopic superconducting state is exploited,
for example in high precision magnetometers, so-called Superconducting QUantum Interference De-
vices (SQUIDs) [14], high precision current detectors or to realize qubits as building block of quantum
computation, like the Cooper pair box [15], the Transmon [16] or Fluxonium [17]. In general, in such
heterostructures the non superconducting components in contact with the superconductor acquire some
properties of the latter, what is known as the proximity effect. Superconducting correlations are not nec-
essarily bound to the superconductor and penetrate the normal conducting materials on the length scale
of the characteristic size of Cooper pairs, the superconducting coherence length, which itself strongly
depends on the normal conducting material.
One of the most prominent manifestations of the proximity effect is the Josephson effect [18]. The
groundstate of a superconductor is described by a macroscopic quantum wavefunction that will have a
phase in general. In 1962 Brian Josephson predicted that phase coherent tunneling of Cooper pairs be-
tween two superconductors, that are separated by a thin insulating barrier and differ in the phase of their
individual macroscopic wave function, leads to a zero resistance current at zero voltage. This effect is
known as the dc-Josephson effect and is a direct proof of the macroscopic character of the superconduct-
ing ground state. Further Josephson predicted that at applied voltage, the coherent tunneling of Cooper
pairs leads to a quickly alternating current, which is known as the ac-Josephson effect. Both effects
where confirmed experimentally shortly after their discovery [19, 20].
Other phenomena related to the proximity effect have their origin in the spin state of the Cooper pairs.
In a singlet superconductor, as the name suggests, the paired electrons have opposite spin. As a conse-
quence the coherence length can get strongly altered by spin-active fields. A prominent example is the
manipulation of the proximity effect inside a ferromagnet or in a normal conductor under presence of
an external magnetic field. The exchange field in a ferromagnet splits the previously degenerate bands
in energy and consequently a parallel alignment of the spins is energetically favorable. In the case of
an external magnetic field the equivalent situation is played be the Zeeman interaction. Both counter
the conventional pairing mechanism that prefers anti-parallel orientation of the spins, thus in principle
ferromagnetism and superconductivity are two strongly competing phases. Indeed, at S/F interfaces the
proximity effect is strongly suppressed [21]. In the ferromagnet the superconducting correlations decay
on a much shorter length scale and are accompanied by spatial oscillations. The competition between
both phases can be used to control the proximity effect. For example in S/F/S junctions, the oscillations
of the superconducting correlations can cause a reversal of the maximal dc-Josephson current depending
on the junction length and the strength of the exchange field [22–26].
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Another interesting effect is the generation of long ranged triplet correlations in S/F/S heterostructures
with inhomogeneous ferromagnets or multilayered ferromagnets connecting the superconductors [27–
29]. Triplet correlations with spin projections perpendicular to a present exchange field/Zeeman field
are not vulnerable to the spin-splitting and thus decay on a length scale comparable to the one of a
non-magnetic system. Supercurrents carried by such triplet pairs can be in a highly polarized state.
This makes them an ideal candidate for spintronics applications [29, 30], where the precise control and
manipulation of the spin degree of freedom is a highly sought after property for signal transmission,
processing and storage.
Besides the generation of triplet correlations through inhomogeneous ferromagnets there exist theoretical
proposals to use SOC active compounds as a substitute [31, 32]. Of particular importance are SOC fields
of the Rashba [33] and Dresselhaus [34] type. Rashba SOC is present in systems with broken structural
inversion symmetry, e.g. at interfaces, whereas Dresselhaus SOC is present in systems lacking bulk
inversion symmetry, i.e. the crystal structure of the material is not inversion symmetric [35]. Both types
of SOC can be described as a momentum dependent, time-reversal preserving, effective magnetic field
and are equally able to rotate the carrier spin to avoid the short range decay of the superconducting
correlations. They introduce new possibilities of control over the spin degree of freedom, especially in a
one-dimensional/two-dimensional electron gas, where the strength of the Rashba and Dresselhaus SOC
can be tuned by applying a gate voltage [36, 37].
The study of the interplay of SOC, magnetic fields and superconducting correlations is also of great rel-
evance for the realization of Majorana Fermions in condensed matter systems. Majorana Fermions were
first predicted by Ettore Majorana in 1937 [38] as real solutions of the Dirac equation and are elemen-
tary particles that are their own antiparticles. In the context of high energy physics their existence has
not been confirmed, however after many decades Kitaev demonstrated that Majorana Fermions could be
realized as quasiparticle excitations in a solid state system [39]. Due to their non-abelian statistics [40]
Majorana Fermions are considered as potential building block for topological quantum computation [41].
Many different devices have been suggested to host and detect Majorana Fermions [42–44]. A promising
scheme consists of a one-dimensional quantum wire with strong Rashba SOC, e.q. InAs or InSb wires,
proximized by a conventional superconductor and subject to a magnetic field [45]. Experiments in such
systems report a zero-bias conductance peak as signatures of the Majorana Fermions [46, 47]. Alterna-
tive explanations question the unambiguousness of these results [48–50]. Potential alternative signatures
for the presence of Majorana physics are on demand and could be found in the various magneto-electric
effects that rise due to the interplay of the different spin-fields and superconductivity [51–53].
The above mentioned effects were studied under the assumption of a non-relativistic, quadratic dis-
persion for the quasiparticle excitations. At first glance this is not surprising as the typical excitation
energies in condensed matter systems are far below the rest mass of the electron. A relativistic descrip-
tion of the involved physics doesn’t seem necessary. However, in contrast to a free Fermion, in solid
state systems electrons move through a periodic crystal. The symmetries of the crystal impose restric-
tions on the quasiparticle states and can lead to effective low-energy descriptions that correspond to the
Dirac equation [54]. A recently discovered material class that exhibits Dirac physics is Weyl semimetals
(WSM) [55–57]. WSMs are three-dimensional materials, characterized by the appearance of pairwise
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linear band crossings. These band crossings are protected by the internal symmetries of the crystal
and are called Weyl nodes. The low-energy physics around the Weyl nodes is described by the Weyl
Hamiltonian and each node is characterized by its chirality, which is the projection of the spin onto the
direction of motion of the quasiparticle. So at each Weyl node the direction of motion of a quasiparticle
is locked to its spin, which can have drastic consequences on the proximity effect between a WSM and
a conventional superconductor. For example at a magnetic WSM/S interface the proximity effect is not
just suppressed but is completely blocked [58]. The chirality represents a currently unused quantum
degree of freedom that can be exploited to encode and transmit information [59–64]. It is therefore de-
sirable to further understand how superconductivity introduces additional options of manipulating this
degree of freedom.
Outline of the thesis
This thesis studies the interplay between spin-active fields and superconducting correlations in various
heterostructures. Each chapter of the main work is dedicated to a different system. Each system creates
effects that have been predicted theoretically - both by this work and previous studies - but not observed
until now.
• Chapter 1 is a brief introduction to the theory of transport in superconducting mesoscopic sys-
tems. We recap basic elements of the BCS theory, the Bogoliubov-de Gennes (BdG) formalism
and the quasi-classical Green’s function formalism, which are extensively used throughout this
thesis. We derive basic properties of bulk superconductors and study basic transport phenomena
in heterostructures involving superconductors with the aid of the scattering formalism.
The chapters that follow form the main part of the thesis and present original research.
• Chapter 2 is devoted to the Andreev bound state formation and the resulting Josephson effect in
ballistic junctions involving spin-split superconductors. In such systems it is possible to increase
the critical Josephson current by increasing the magnitude of the exchange field. This is a rather
counterintuitive result considering the pair breaking nature of the spin-splitting fields. The depen-
dence of the Andreev bound states on the phase difference between the superconducting banks has
not been investigated so far and we analyze the spectral properties of this junction type within the
BdG formalism.
• Chapter 3 turns to diffusive superconducting systems and discusses the generation of long range
triplet correlations (LRTC) in strong ferromagnets through SOC. We propose two types of realistic
Josephson junctions, which represent the most favorable setup to observe this currently unrealized
possibility to generate LRTC and determine the signature of these correlations, a long-ranged
Josephson current.
• Chapter 4 is dedicated to the interplay of superconductivity, Rashba SOC and a homogeneous
exchange field in a 1D wire for a wide range of parameters and regimes. We show a universal
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correspondence between equilibrium spin currents in the bulk and spin polarization transverse
to the magnetic field at the edges of the wire. Such edge polarization has been suggested by
some authors as a signature of Majorana zero modes. We show that this not true in general and
emphasize the link to hitherto undetected and long debated theoretical concept of equilibrium spin
currents.
• Chapter 5 leaves the superconducting regime and studies the ballistic transport through interfaces
between WSMs. The aim of this part of my work was to consider the proximity effect between
WSMs and superconductors. It turned out that interfaces between WSMs are already very exciting
by themselves. In this chapter we propose a way to filter the charge current based on the chirality
of the quasiparticles in such structures, thus exploring the well defined chiral degree of freedom





This chapter is a brief reminder on the formalisms used in this thesis. The first section introduces the
BCS theory and derives basic results for the bulk properties of conventional superconductors. Based on
the BCS theory two formulations of the latter are deduced that are able to treat transport in supercon-
ducting heterostructures. The Bogoliubov de Gennes (BdG) equation and the Green-Gor’kov equation.
Then we turn to the scattering formalism to present basic transport phenomena in superconducting het-
erostructures on a microscopic level. Finally we derive the quasi-classical transport formalism in the
clean and dirty limit from the Green-Gor’kov equation. This chapter enables the reader to reproduce the
findings in the chapters that follow.
1.1 Elements of BCS theory













where h(p̂) is some time independent classic Hamiltonian that only depends on the momentum operator
p̂ = −i~∇x, V (x) < 0 is an attractive interaction and a function of space in general. The matrices σi

















and we define σ0 := 1̂ as the identity. Through-though the thesis we will use the indices (x, y, z) and
(1, 2, 3) interchangeably to label the Pauli matrices. For the case we are in a direct product space, where
each subspace is spanned by the Pauli matrices and the identity, the basis of the second subspace will be
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1.1. Elements of BCS theory













The operators ψ†α(x), ψα(x) are fermionic creation and annihilation operators at position x where α is




{ψα(x), ψβ(y)} = 0. (1.4)
Following Bardeen, Cooper and Schrieffer, who realized that an attractive interaction between electrons
leads to formation of Cooper pairs, we decouple the interaction term by a mean-field approximation
assuming that thermal averages of two creation or annihilation operators can be non-vanishing. This













where we introduced the superconducting order parameter ∆(x) = |V (x)| 〈ψ↓(x)ψ↑(x)〉. Here 〈· · · 〉
denotes the thermal average of an operator which is defined by
〈· · · 〉 = Tr[e−βH · · · ]/Tr[e−βH], (1.6)
where Tr denotes the trace of an operator and β = 1/kBT . Note that terms corresponding to products
of two thermal averages have been neglected as they only lead to a constant shift of the ground-state
energy. By construction the Hamiltonian (1.5) describes a non-interacting system, where electron and
hole degrees of freedom are coupled. Let us turn to to the bulk excitation spectrum described by this
Hamiltonian. As the system is translational invariant we apply a Fourier transformation to Hamilto-
nian (1.5). For simplicity we assume that the kinetic part is trivial in spin space and quadratic in mo-
mentum h(p̂) = p̂2/2m − µ with m as the effective mass and µ denoting the chemical potential. The



















where ξk = k2/2m− µ is the kinetic energy measured from the Fermi energy and we assumed that the











We diagonalize the Hamiltonian by the so-called Bogoliubov transformation [67]. The Bogoliubov
transformation introduces new fermionic operators γ, γ† which are linear combinations of the original
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FIGURE 1.1: Quasiparticle excitation spectrum for vanishing and finite order parameter and com-
position of the quasiparticles below and above the Fermi energy in a superconductor









Demanding that the new operators obey fermionic commutation relations one can show that the coeffi-
cients of the transformation, also referred to as coherence factors, fulfill |uk|2 + |vk| = 1. The inverse
transformation reads
ck,↑ = ukγk,↑ + vkγ
†
−k,↓,
c†−k,↓ = −v∗kγk,↑ + u∗kγ
†
−k,↓. (1.10)
The Hamiltonian written in terms of the new operators is






and the resulting quasiparticle excitation spectrum
Ek =
√
ξ2k + |∆|2. (1.12)
The quasiparticles, usually called Bogolons, are superpositions of electron- and hole-like states, which















∆→0−−−→ Θ (−ξk) , (1.14)
in combination with the spectrum which are shown in Fig. 1.1. In the limit of vanishing order parameter
the Bogolons are holes for energies below the Fermi energy and electrons above as expected for a normal
9
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metal. When the order parameter is finite the nature of the Bogolons depends on the energy and ranges
from mostly hole-like far below the Fermi energy to mostly electron like far above the Fermi energy. At
the Fermi energy |uk|2 = |vk|2 = 1/2, i.e. the excitations are exactly half hole half electron. In contrast
to the normal metal superconductivity opens a gap of magnitude ∆kF in the excitation spectrum thus no
quasiparticle excitations are possible below this threshold. This reflects the fact that it costs energy to
break a Cooper pair in the BCS condensate ground state to create two Bogolons. To determine the gap
















We make some approximations that allow to obtain analytical results. As ξk is isotropic it is possible to












N (ξ + µ)dξ (1.16)
with N (ε) being the density of states. Assuming that pairing is constant, k independent Vkk′ = V0,
and active only in a small window (Debye energy) around the Fermi energy, and that the DOS is almost
constant ∫ ∞
−∞













































In the weak coupling limit (N0V0  1) we obtain the usual zero temperature gap
∆0 = 2ωce
− 1N0V0 , (1.21)
and the relation with the critical temperature ∆0βc ≈ 1.76. In a similar way one obtains the BCS density
10
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a)






















FIGURE 1.2: a) Numerical obtained temperature dependence of the BCS gap. b) Density of states
of a superconductor.










, E > ∆0
0 , E < ∆.
(1.22)
As expected there are no quasiparticle states in the gap and the DOS shows a square root divergence at
the edge of the gap as shown in Fig. 1.2 b).
1.1.1 Bogoliubov - de Gennes equations
To study inhomogeneous superconducting systems on the level of the BCS mean field theory, we need
to formulate the BCS theory in real space. As the BCS Hamiltonian describes non-interacting Bogolons,
it is sufficient to study single-particle excitations. In the following, we construct a Schrödinger like
equation for the eigenstates of the BCS Hamiltonian in the electron-hole basis instead of the Bogolon
operators. This will lead to the Bogoliubov-de Gennes (BdG) Hamiltonian which allows to study the
single particle excitations within the framework of first-quantization in systems with heterojunctions,





















and insert the Bogoliubov transformed operators (1.10). Calculating the time-derivative of the Bogolon
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The eigenvalues of the matrix on the left hand side are ±Ek, thus it has exactly the same positive








is the desired first quantized form of the HmfBCS in k space also called the BdG Hamiltonian. Performing







where H0(x) = −~2∂2x/2m− µ+ V (x). The Schrödinger-like equation for the Bogolons is
HBdG(x)Ψ (x) = EΨ (x) , (1.28)
and is referred to as the BdG equation. In principle, we can now model different spatial variations of the







in electron-hole space. However we also need to keep in mind that in an exact calculation, the gap has
to be determined self-consistently. To study many general effects of the superconducting pairing it is
usually sufficient to assume that ∆(x) is some given function for which self-consistency is fulfilled.
1.1.2 Gor’kov equation
The BCS theory can be translated in the language of Green’s functions. In this section we derive the
equation of motion for the Green’s function of a superconducting system, which is named after Gor’kov
as the Gor’kov equation, who together with Abrikosov was one of the main heads behind this reformu-
lation [68]. Furthermore, Gor’kov was able to show that the phenomenological Ginzburg and Landau
theory [3] follows from the Gor’kov equation for temperatures close to the critical temperature [69].
12
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G(ξ1, ξ2) F (ξ1, ξ2)
−F̄ (ξ1, ξ2) Ḡ(ξ1, ξ2)
)
, (1.30)







ψ(ξ1)ψ†(ξ2) , t2 < t1−ψ†(ξ2)ψ(ξ1) , t2 > t1 (1.31)
the time ordering operator for fermionic field operators. The upper two sub-matrices in Eq. (1.30) are
the normal and anomalous Green’s function
































respectively. As we have seen in the previous sections, the BCS interaction couples electron- and hole-
like states and holes can be viewed as time reversed electrons. The equations of motion for the Green’s
function of a superconductor will necessarily include correlators between states and time reversed states.
It will become handy later to define the time reversal operator for spin-1/2 quasiparticles T = iσ2K
with K the complex conjugation operator. The time reversal operator T has the property T 2 = −1
and T = −T −1. The Green-Gor’kov matrix respects particle-hole symmetry where the particle-hole
operator is defined as






with P2 = 1 and P = P−1. The τi are the Pauli matrices that span the particle-hole space. Applying
the particle hole transformation onto the Green-Gor’kov matrix gives
PG(ξ1, ξ2)P =
(
T ḠT −1 T F̄T −1
−T FT −1 T GT −1
)
= G(ξ1, ξ2) (1.35)
where T FT −1 = F̄ and T GT −1 = Ḡ have been used. This shows that G and F are the only two
independent components of the Green-Gor’kov matrix.
The equation of motion for the Green-Gor’kov matrix, follows from evaluating the Heisenberg equation
of motion for the field operators i~∂tψ = [ψ,H] with the Hamiltonian HmfBCS (1.5). The resulting
13
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equations can be cast into matrix form, the Gor’kov equation:
G−10 (ξ1)G (ξ1, ξ2) = δ (ξ1 − ξ2) (1.36)
where












and ∆(x) = i~V (x)Tr [F (ξ2 → ξ1)]. Note that we assumed that the kinetic energy operator only
depends on the momentum operator. For completeness, repeating the procedure for the case when the










= −i~τ3∂†t2 − ξ
∗ (p̂2) + ∆ (x2) (1.40)
and the daggered partial derivative is acting on expressions to its left hand side. We will need it later to
derive quasi-classical transport equations.
The physical information contained in the BdG or Gor’kov equations is equivalent. Each of the formu-
lations has its advantages and disadvantages. In contrast to the previous BdG formalism, the solutions
of the Gor’kov equations are two point correlators, i.e. Green’s functions. To study non-homogeneous
systems, like interfaces or junctions the Gor’kov Green’s function is a rather complicated object to deal
with. An advantage of the Green’s function formulation gets obvious when applying diagrammatic
techniques, for example when treating disordered systems.
It is possible to simplify the Gor’kov equations to a equation of motion for functions that only depend
on one spatial variable in the so called quasi-classical limit. In this thesis the Gor’kov equation will
be the starting point to generalize these quasi-classical transport equations to a SU(2) gauge covariant
formulation in order to describe interaction between particles and spin fields.
1.2 Basic transport phenomena in mesoscopic systems involving super-
conductors
In this section we will use the previously introduced Bogoliubov-de Gennes Hamiltonian to discuss
basic scattering phenomena at boundaries between normal and superconducting regions with the aid of
minimal examples. We start with the Andreev reflection as the microscopic explanation for the charge
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<latexit sha1_base64="2fG9E2zpD1VgWuj4xUWR62JxRpA=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiTdqLuCG5cV7APaUCbTSTp0MhPmIdTQL3HjQhG3foo7/8akzUJbD1w4nHMv994Tppxp43nfzsbm1vbObmXP3T84PKrWjk+6WlpFaIdILlU/xJpyJmjHMMNpP1UUJyGnvXB6W/i9R6o0k+LBzFIaJDgWLGIEm1wa1arSmlgyEaOJ5NR1R7W61/AWQOvEL0kdSrRHta/hWBKbUGEIx1oPfC81QYaVYYTTuTu0mqaYTHFMBzkVOKE6yBaHz9FFroxRJFVewqCF+nsiw4nWsyTMOxNsJnrVK8T/vIE10XWQMZFaQwVZLoosR0aiIgU0ZooSw2c5wUSx/FZEJlhhYvKsihD81ZfXSbfZ8L2Gf9+st27KOCpwBudwCT5cQQvuoA0dIGDhGV7hzXlyXpx352PZuuGUM6fwB87nD9Zhkn4=</latexit><latexit sha1_base64="2fG9E2zpD1VgWuj4xUWR62JxRpA=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiTdqLuCG5cV7APaUCbTSTp0MhPmIdTQL3HjQhG3foo7/8akzUJbD1w4nHMv994Tppxp43nfzsbm1vbObmXP3T84PKrWjk+6WlpFaIdILlU/xJpyJmjHMMNpP1UUJyGnvXB6W/i9R6o0k+LBzFIaJDgWLGIEm1wa1arSmlgyEaOJ5NR1R7W61/AWQOvEL0kdSrRHta/hWBKbUGEIx1oPfC81QYaVYYTTuTu0mqaYTHFMBzkVOKE6yBaHz9FFroxRJFVewqCF+nsiw4nWsyTMOxNsJnrVK8T/vIE10XWQMZFaQwVZLoosR0aiIgU0ZooSw2c5wUSx/FZEJlhhYvKsihD81ZfXSbfZ8L2Gf9+st27KOCpwBudwCT5cQQvuoA0dIGDhGV7hzXlyXpx352PZuuGUM6fwB87nD9Zhkn4=</latexit><latexit sha1_base64="2fG9E2zpD1VgWuj4xUWR62JxRpA=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiTdqLuCG5cV7APaUCbTSTp0MhPmIdTQL3HjQhG3foo7/8akzUJbD1w4nHMv994Tppxp43nfzsbm1vbObmXP3T84PKrWjk+6WlpFaIdILlU/xJpyJmjHMMNpP1UUJyGnvXB6W/i9R6o0k+LBzFIaJDgWLGIEm1wa1arSmlgyEaOJ5NR1R7W61/AWQOvEL0kdSrRHta/hWBKbUGEIx1oPfC81QYaVYYTTuTu0mqaYTHFMBzkVOKE6yBaHz9FFroxRJFVewqCF+nsiw4nWsyTMOxNsJnrVK8T/vIE10XWQMZFaQwVZLoosR0aiIgU0ZooSw2c5wUSx/FZEJlhhYvKsihD81ZfXSbfZ8L2Gf9+st27KOCpwBudwCT5cQQvuoA0dIGDhGV7hzXlyXpx352PZuuGUM6fwB87nD9Zhkn4=</latexit><latexit sha1_base64="2fG9E2zpD1VgWuj4xUWR62JxRpA=">AAAB+HicbVDLSsNAFL3xWeOjVZduBovgqiTdqLuCG5cV7APaUCbTSTp0MhPmIdTQL3HjQhG3foo7/8akzUJbD1w4nHMv994Tppxp43nfzsbm1vbObmXP3T84PKrWjk+6WlpFaIdILlU/xJpyJmjHMMNpP1UUJyGnvXB6W/i9R6o0k+LBzFIaJDgWLGIEm1wa1arSmlgyEaOJ5NR1R7W61/AWQOvEL0kdSrRHta/hWBKbUGEIx1oPfC81QYaVYYTTuTu0mqaYTHFMBzkVOKE6yBaHz9FFroxRJFVewqCF+nsiw4nWsyTMOxNsJnrVK8T/vIE10XWQMZFaQwVZLoosR0aiIgU0ZooSw2c5wUSx/FZEJlhhYvKsihD81ZfXSbfZ8L2Gf9+st27KOCpwBudwCT5cQQvuoA0dIGDhGV7hzXlyXpx352PZuuGUM6fwB87nD9Zhkn4=</latexit>
µ
<latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit>
superconductor
<latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit>
kF 0 kF kF 0 kF
 
<latexit sha1_base64="CURiE6pi5uaw3qYJKdrFnIjgWl4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FtADx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8mfrNJ9SGK/lgRymGCe1LHnNGrZManVsUlnZLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuOrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPXdeO8w==</latexit><latexit sha1_base64="CURiE6pi5uaw3qYJKdrFnIjgWl4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FtADx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8mfrNJ9SGK/lgRymGCe1LHnNGrZManVsUlnZLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuOrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPXdeO8w==</latexit><latexit sha1_base64="CURiE6pi5uaw3qYJKdrFnIjgWl4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FtADx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8mfrNJ9SGK/lgRymGCe1LHnNGrZManVsUlnZLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuOrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPXdeO8w==</latexit><latexit sha1_base64="CURiE6pi5uaw3qYJKdrFnIjgWl4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FtADx4jmAckS5id9CZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSmGdaZEkq3ImpQcIl1y63AVqqRJpHAZjS8mfrNJ9SGK/lgRymGCe1LHnNGrZManVsUlnZLZb/iz0CWSZCTMuSodUtfnZ5iWYLSMkGNaQd+asMx1ZYzgZNiJzOYUjakfWw7KmmCJhzPrp2QU6f0SKy0K2nJTP09MaaJMaMkcp0JtQOz6E3F/7x2ZuOrcMxlmlmUbL4ozgSxikxfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFe6gBnVg8AjP8ApvnvJevHfvY9664uUzR/AH3ucPXdeO8w==</latexit>
normal metal
<latexit sha1_base64="donEHkQeCE8AIGcXxfJy1nN6rNw=">AAAB9HicbVA9TwJBEN3DL8Qv1NJmIzGxInc0WhJtLDERMIEL2VvmYMN+nLt7JOTC77Cx0Bhbf4yd/8Y9uELBl0zy8t5MZuZFCWfG+v63V9rY3NreKe9W9vYPDo+qxycdo1JNoU0VV/oxIgY4k9C2zHJ4TDQQEXHoRpPb3O9OQRum5IOdJRAKMpIsZpRYJ4VSaUE4FmAJrwyqNb/uL4DXSVCQGirQGlS/+kNFUwHSUk6M6QV+YsOMaMsoh3mlnxpICJ2QEfQclUSACbPF0XN84ZQhjpV2JS1eqL8nMiKMmYnIdQpix2bVy8X/vF5q4+swYzJJLUi6XBSnHFuF8wTwkGmgls8cIVQzdyumY6IJtS6nPIRg9eV10mnUA78e3DdqzZsijjI6Q+foEgXoCjXRHWqhNqLoCT2jV/TmTb0X7937WLaWvGLmFP2B9/kDRr2RwA==</latexit><latexit sha1_base64="donEHkQeCE8AIGcXxfJy1nN6rNw=">AAAB9HicbVA9TwJBEN3DL8Qv1NJmIzGxInc0WhJtLDERMIEL2VvmYMN+nLt7JOTC77Cx0Bhbf4yd/8Y9uELBl0zy8t5MZuZFCWfG+v63V9rY3NreKe9W9vYPDo+qxycdo1JNoU0VV/oxIgY4k9C2zHJ4TDQQEXHoRpPb3O9OQRum5IOdJRAKMpIsZpRYJ4VSaUE4FmAJrwyqNb/uL4DXSVCQGirQGlS/+kNFUwHSUk6M6QV+YsOMaMsoh3mlnxpICJ2QEfQclUSACbPF0XN84ZQhjpV2JS1eqL8nMiKMmYnIdQpix2bVy8X/vF5q4+swYzJJLUi6XBSnHFuF8wTwkGmgls8cIVQzdyumY6IJtS6nPIRg9eV10mnUA78e3DdqzZsijjI6Q+foEgXoCjXRHWqhNqLoCT2jV/TmTb0X7937WLaWvGLmFP2B9/kDRr2RwA==</latexit><latexit sha1_base64="donEHkQeCE8AIGcXxfJy1nN6rNw=">AAAB9HicbVA9TwJBEN3DL8Qv1NJmIzGxInc0WhJtLDERMIEL2VvmYMN+nLt7JOTC77Cx0Bhbf4yd/8Y9uELBl0zy8t5MZuZFCWfG+v63V9rY3NreKe9W9vYPDo+qxycdo1JNoU0VV/oxIgY4k9C2zHJ4TDQQEXHoRpPb3O9OQRum5IOdJRAKMpIsZpRYJ4VSaUE4FmAJrwyqNb/uL4DXSVCQGirQGlS/+kNFUwHSUk6M6QV+YsOMaMsoh3mlnxpICJ2QEfQclUSACbPF0XN84ZQhjpV2JS1eqL8nMiKMmYnIdQpix2bVy8X/vF5q4+swYzJJLUi6XBSnHFuF8wTwkGmgls8cIVQzdyumY6IJtS6nPIRg9eV10mnUA78e3DdqzZsijjI6Q+foEgXoCjXRHWqhNqLoCT2jV/TmTb0X7937WLaWvGLmFP2B9/kDRr2RwA==</latexit><latexit sha1_base64="donEHkQeCE8AIGcXxfJy1nN6rNw=">AAAB9HicbVA9TwJBEN3DL8Qv1NJmIzGxInc0WhJtLDERMIEL2VvmYMN+nLt7JOTC77Cx0Bhbf4yd/8Y9uELBl0zy8t5MZuZFCWfG+v63V9rY3NreKe9W9vYPDo+qxycdo1JNoU0VV/oxIgY4k9C2zHJ4TDQQEXHoRpPb3O9OQRum5IOdJRAKMpIsZpRYJ4VSaUE4FmAJrwyqNb/uL4DXSVCQGirQGlS/+kNFUwHSUk6M6QV+YsOMaMsoh3mlnxpICJ2QEfQclUSACbPF0XN84ZQhjpV2JS1eqL8nMiKMmYnIdQpix2bVy8X/vF5q4+swYzJJLUi6XBSnHFuF8wTwkGmgls8cIVQzdyumY6IJtS6nPIRg9eV10mnUA78e3DdqzZsijjI6Q+foEgXoCjXRHWqhNqLoCT2jV/TmTb0X7937WLaWvGLmFP2B9/kDRr2RwA==</latexit>
superconductor
<latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit><latexit sha1_base64="oge3mxktbAZFBnlROhQhFDJ5VpA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd1c9Bj04jGCeUCyhtnZ3mTI7MwyDyUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o40wb3//21tY3Nre2Szvl3b39g8PK0XFbS6sotKjkUnUjooEzAS3DDIdupoCkEYdONL6Z+Z1HUJpJcW8mGYQpGQqWMEqMkx60zUBRKWJLjVSDStWv+XPgVRIUpIoKNAeVr34sqU1BGMqJ1r3Az0yYE2UY5TAt962GjNAxGULPUUFS0GE+v3qKz50S40QqV8Lgufp7Iiep1pM0cp0pMSO97M3E/7yeNclVmDORWQOCLhYllmMj8SwCHDMF1PCJI4Qq5m7FdEQUocYFVXYhBMsvr5J2vRb4teCuXm1cF3GU0Ck6QxcoQJeogW5RE7UQRQo9o1f05j15L96797FoXfOKmRP0B97nD0+ikwQ=</latexit>
x
<latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit>
x = 0
<latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit>
E
<latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit>
E
<latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit><latexit sha1_base64="Yesc6oF9Jxiywbavj8m/BtfHFlc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FETy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPljiMwA==</latexit>
E >  
<latexit sha1_base64="j6d8QWvwTmFJ6rEy0IF+vbxaE8U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKKnisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrdurzg0KQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDCz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0TiueW/Huz8rVyzyOAhzCEZyAB+dQhTuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDcaePig==</latexit><latexit sha1_base64="j6d8QWvwTmFJ6rEy0IF+vbxaE8U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKKnisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrdurzg0KQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDCz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0TiueW/Huz8rVyzyOAhzCEZyAB+dQhTuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDcaePig==</latexit><latexit sha1_base64="j6d8QWvwTmFJ6rEy0IF+vbxaE8U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKKnisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrdurzg0KQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDCz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0TiueW/Huz8rVyzyOAhzCEZyAB+dQhTuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDcaePig==</latexit><latexit sha1_base64="j6d8QWvwTmFJ6rEy0IF+vbxaE8U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kUKKnisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrdurzg0KQ7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDCz7hMUoOSzRaFqSAmJpPnSY8rZEaMLKFMcXsrYQOqKDM2oqINwZt/eZE0TiueW/Huz8rVyzyOAhzCEZyAB+dQhTuoQR0YCHiGV3hzHp0X5935mLUuOfnMAfyB8/kDcaePig==</latexit>
E <  
<latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit>
incoming
<latexit sha1_base64="CR89NN9bsdr/5ITNraq+LLsnVhY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgadnNxRwDXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KU86MDYJvr7S1vbO7V96vHBweHZ9UT886RmWa0DZRXOlejA3lTNK2ZZbTXqopFjGn3Xh6u/C7T1QbpuSDnaU0EngsWcIItk7qMUmUYHI8rNYCP1gCbZKwIDUo0BpWvwYjRTJBpSUcG9MPg9RGOdaWEU7nlUFmaIrJFI9p31GJBTVRvrx3jq6cMkKJ0q6kRUv190SOhTEzEbtOge3ErHsL8T+vn9mkEeVMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFcf3mTdOp+GPjhfb3W9Is4ynABl3ANIdxAE+6gBW0gwOEZXuHNe/RevHfvY9Va8oqZc/gD7/MHQ2qQCA==</latexit><latexit sha1_base64="CR89NN9bsdr/5ITNraq+LLsnVhY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgadnNxRwDXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KU86MDYJvr7S1vbO7V96vHBweHZ9UT886RmWa0DZRXOlejA3lTNK2ZZbTXqopFjGn3Xh6u/C7T1QbpuSDnaU0EngsWcIItk7qMUmUYHI8rNYCP1gCbZKwIDUo0BpWvwYjRTJBpSUcG9MPg9RGOdaWEU7nlUFmaIrJFI9p31GJBTVRvrx3jq6cMkKJ0q6kRUv190SOhTEzEbtOge3ErHsL8T+vn9mkEeVMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFcf3mTdOp+GPjhfb3W9Is4ynABl3ANIdxAE+6gBW0gwOEZXuHNe/RevHfvY9Va8oqZc/gD7/MHQ2qQCA==</latexit><latexit sha1_base64="CR89NN9bsdr/5ITNraq+LLsnVhY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgadnNxRwDXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KU86MDYJvr7S1vbO7V96vHBweHZ9UT886RmWa0DZRXOlejA3lTNK2ZZbTXqopFjGn3Xh6u/C7T1QbpuSDnaU0EngsWcIItk7qMUmUYHI8rNYCP1gCbZKwIDUo0BpWvwYjRTJBpSUcG9MPg9RGOdaWEU7nlUFmaIrJFI9p31GJBTVRvrx3jq6cMkKJ0q6kRUv190SOhTEzEbtOge3ErHsL8T+vn9mkEeVMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFcf3mTdOp+GPjhfb3W9Is4ynABl3ANIdxAE+6gBW0gwOEZXuHNe/RevHfvY9Va8oqZc/gD7/MHQ2qQCA==</latexit><latexit sha1_base64="CR89NN9bsdr/5ITNraq+LLsnVhY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgadnNxRwDXjxGMA9IljA7mU2GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KU86MDYJvr7S1vbO7V96vHBweHZ9UT886RmWa0DZRXOlejA3lTNK2ZZbTXqopFjGn3Xh6u/C7T1QbpuSDnaU0EngsWcIItk7qMUmUYHI8rNYCP1gCbZKwIDUo0BpWvwYjRTJBpSUcG9MPg9RGOdaWEU7nlUFmaIrJFI9p31GJBTVRvrx3jq6cMkKJ0q6kRUv190SOhTEzEbtOge3ErHsL8T+vn9mkEeVMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFcf3mTdOp+GPjhfb3W9Is4ynABl3ANIdxAE+6gBW0gwOEZXuHNe/RevHfvY9Va8oqZc/gD7/MHQ2qQCA==</latexit>
electron
<latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit>
electron
<latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit><latexit sha1_base64="mBCT37GQXp4UyCc/3HKIifP8ZaM=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclZludFlw47KCfUA7lEx6pw3NJGOSEcrQn3DjQhG3/o47/8a0nYW2HggczrmX3HOiVHBjff/b29jc2t7ZLe2V9w8Oj44rJ6dtozLNsMWUULobUYOCS2xZbgV2U400iQR2osnt3O88oTZcyQc7TTFM6EjymDNqndRFgcxqJQeVql/zFyDrJChIFQo0B5Wv/lCxLEFpmaDG9AI/tWFOteVM4KzczwymlE3oCHuOSpqgCfPFvTNy6ZQhiZV2T1qyUH9v5DQxZppEbjKhdmxWvbn4n9fLbHwT5lymmUXJlh/FmSBWkXl4MuTa5RVTRyjT3N1K2JhqyqyrqOxKCFYjr5N2vRb4teC+Xm3UijpKcA4XcAUBXEMD7qAJLWAg4Ble4c179F68d+9jObrhFTtn8Afe5w9PZJAQ</latexit>
reflected
<latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit>
hole
<latexit sha1_base64="+6K6YyleNqc79szZQ5nt0hBNkaQ=">AAAB63icbVDLSgNBEJyNrxhfUY9eBoPgKezmoseAF48RzAOSJcxOerND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7K1vbO7V92vHRweHZ/UT896RmWaQpcqrvQgIgY4k9C1zHIYpBqIiDj0o9ld4fefQBum5KOdpxAKMpUsZpTYQkoUh3G94Tf9JfAmCUrSQCU64/rXaKJoJkBayokxw8BPbZgTbRnlsKiNMgMpoTMyhaGjkggwYb68dYGvnDLBsdKupMVL9fdEToQxcxG5TkFsYta9QvzPG2Y2vg1zJtPMgqSrRXHGsVW4eBxPmAZq+dwRQjVzt2KaEE2odfHUXAjB+subpNdqBn4zeGg12s0yjiq6QJfoGgXoBrXRPeqgLqIoQc/oFb15wnvx3r2PVWvFK2fO0R94nz8dto40</latexit><latexit sha1_base64="+6K6YyleNqc79szZQ5nt0hBNkaQ=">AAAB63icbVDLSgNBEJyNrxhfUY9eBoPgKezmoseAF48RzAOSJcxOerND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7K1vbO7V92vHRweHZ/UT896RmWaQpcqrvQgIgY4k9C1zHIYpBqIiDj0o9ld4fefQBum5KOdpxAKMpUsZpTYQkoUh3G94Tf9JfAmCUrSQCU64/rXaKJoJkBayokxw8BPbZgTbRnlsKiNMgMpoTMyhaGjkggwYb68dYGvnDLBsdKupMVL9fdEToQxcxG5TkFsYta9QvzPG2Y2vg1zJtPMgqSrRXHGsVW4eBxPmAZq+dwRQjVzt2KaEE2odfHUXAjB+subpNdqBn4zeGg12s0yjiq6QJfoGgXoBrXRPeqgLqIoQc/oFb15wnvx3r2PVWvFK2fO0R94nz8dto40</latexit><latexit sha1_base64="+6K6YyleNqc79szZQ5nt0hBNkaQ=">AAAB63icbVDLSgNBEJyNrxhfUY9eBoPgKezmoseAF48RzAOSJcxOerND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7K1vbO7V92vHRweHZ/UT896RmWaQpcqrvQgIgY4k9C1zHIYpBqIiDj0o9ld4fefQBum5KOdpxAKMpUsZpTYQkoUh3G94Tf9JfAmCUrSQCU64/rXaKJoJkBayokxw8BPbZgTbRnlsKiNMgMpoTMyhaGjkggwYb68dYGvnDLBsdKupMVL9fdEToQxcxG5TkFsYta9QvzPG2Y2vg1zJtPMgqSrRXHGsVW4eBxPmAZq+dwRQjVzt2KaEE2odfHUXAjB+subpNdqBn4zeGg12s0yjiq6QJfoGgXoBrXRPeqgLqIoQc/oFb15wnvx3r2PVWvFK2fO0R94nz8dto40</latexit><latexit sha1_base64="+6K6YyleNqc79szZQ5nt0hBNkaQ=">AAAB63icbVDLSgNBEJyNrxhfUY9eBoPgKezmoseAF48RzAOSJcxOerND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7K1vbO7V92vHRweHZ/UT896RmWaQpcqrvQgIgY4k9C1zHIYpBqIiDj0o9ld4fefQBum5KOdpxAKMpUsZpTYQkoUh3G94Tf9JfAmCUrSQCU64/rXaKJoJkBayokxw8BPbZgTbRnlsKiNMgMpoTMyhaGjkggwYb68dYGvnDLBsdKupMVL9fdEToQxcxG5TkFsYta9QvzPG2Y2vg1zJtPMgqSrRXHGsVW4eBxPmAZq+dwRQjVzt2KaEE2odfHUXAjB+subpNdqBn4zeGg12s0yjiq6QJfoGgXoBrXRPeqgLqIoQc/oFb15wnvx3r2PVWvFK2fO0R94nz8dto40</latexit>
reflected
<latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit><latexit sha1_base64="ju5eGoWJFOkeKwsWENVWFLOjx0o=">AAAB8HicbVDLSsNAFL3xWeur6tLNYBFchaQbXRbcuKxgH9KGMpnctENnkjAzEUroV7hxoYhbP8edf+O0zUJbDwwczrmXueeEmeDaeN63s7G5tb2zW9mr7h8cHh3XTk47Os0VwzZLRap6IdUoeIJtw43AXqaQylBgN5zczv3uEyrN0+TBTDMMJB0lPOaMGis9KowFMoPRsFb3XG8Bsk78ktShRGtY+xpEKcslJoYJqnXf9zITFFQZzgTOqoNcY0bZhI6wb2lCJeqgWBw8I5dWiUicKvsSQxbq742CSq2nMrSTkpqxXvXm4n9ePzfxTVDwJMsNJmz5UZwLYlIyT08irmxcMbWEMsXtrYSNqaK2AqWrtgR/NfI66TRc33P9+0a96ZZ1VOAcLuAKfLiGJtxBC9rAQMIzvMKbo5wX5935WI5uOOXOGfyB8/kD8/yQbA==</latexit>
transmitted
<latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit>transmitted
<latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit><latexit sha1_base64="8ntHHobovggx6fODEu1MUNWYeEw=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgKSS96LHgxWMF+wFtKJvNpF26uwm7E6GU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvygQ36PvfTmVre2d3r7pfOzg8Oj6pn551TZprBh2WilT3I2pAcAUd5Cign2mgMhLQi6Z3hd97Am14qh5xlkEo6VjxhDOKVhqipspIjghxbVRv+J6/hLtJgpI0SIn2qP41jFOWS1DIBDVmEPgZhnOqkTMBi9owN5BRNqVjGFiqqAQTzpc3L9wrq8RukmpbCt2l+ntiTqUxMxnZTklxYta9QvzPG+SY3IZzrrIcQbHVoiQXLqZuEYAbcw0MxcwSyjS3t7psQjVlaGMqQgjWX94k3aYX+F7w0Gy0vDKOKrkgl+SaBOSGtMg9aZMOYSQjz+SVvDm58+K8Ox+r1opTzpyTP3A+fwAFPZGV</latexit>
hole-like
<latexit sha1_base64="tiFRB8h++B6FCcBuGDFXm76ImnY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgxZL0oseCF48V7Ae2oWy2k3bpZjfsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8MOFMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WqKLap5FL1QqKRM4FtwwzHXqKQxCHHbji9zf3uEyrNpHgwswSDmIwFixglxkqPE8nxirMpVobVmlf3FnDXiV+QGhRoDatfg5GkaYzCUE607vteYoKMKMMox3llkGpMCJ2SMfYtFSRGHWSLi+fuhVVGbiSVLWHchfp7IiOx1rM4tJ0xMRO96uXif14/NdFNkDGRpAYFXS6KUu4a6ebvuyOmkBo+s4RQxeytLp0QRaixIeUh+Ksvr5NOo+57df++UWvWizjKcAbncAk+XEMT7qAFbaAg4Ble4c3Rzovz7nwsW0tOMXMKf+B8/gDb5JBM</latexit><latexit sha1_base64="tiFRB8h++B6FCcBuGDFXm76ImnY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgxZL0oseCF48V7Ae2oWy2k3bpZjfsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8MOFMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WqKLap5FL1QqKRM4FtwwzHXqKQxCHHbji9zf3uEyrNpHgwswSDmIwFixglxkqPE8nxirMpVobVmlf3FnDXiV+QGhRoDatfg5GkaYzCUE607vteYoKMKMMox3llkGpMCJ2SMfYtFSRGHWSLi+fuhVVGbiSVLWHchfp7IiOx1rM4tJ0xMRO96uXif14/NdFNkDGRpAYFXS6KUu4a6ebvuyOmkBo+s4RQxeytLp0QRaixIeUh+Ksvr5NOo+57df++UWvWizjKcAbncAk+XEMT7qAFbaAg4Ble4c3Rzovz7nwsW0tOMXMKf+B8/gDb5JBM</latexit><latexit sha1_base64="tiFRB8h++B6FCcBuGDFXm76ImnY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgxZL0oseCF48V7Ae2oWy2k3bpZjfsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8MOFMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WqKLap5FL1QqKRM4FtwwzHXqKQxCHHbji9zf3uEyrNpHgwswSDmIwFixglxkqPE8nxirMpVobVmlf3FnDXiV+QGhRoDatfg5GkaYzCUE607vteYoKMKMMox3llkGpMCJ2SMfYtFSRGHWSLi+fuhVVGbiSVLWHchfp7IiOx1rM4tJ0xMRO96uXif14/NdFNkDGRpAYFXS6KUu4a6ebvuyOmkBo+s4RQxeytLp0QRaixIeUh+Ksvr5NOo+57df++UWvWizjKcAbncAk+XEMT7qAFbaAg4Ble4c3Rzovz7nwsW0tOMXMKf+B8/gDb5JBM</latexit><latexit sha1_base64="tiFRB8h++B6FCcBuGDFXm76ImnY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgxZL0oseCF48V7Ae2oWy2k3bpZjfsboQS+i+8eFDEq//Gm//GTZuDtj4YeLw3w8y8MOFMG8/7dkobm1vbO+Xdyt7+weFR9fiko2WqKLap5FL1QqKRM4FtwwzHXqKQxCHHbji9zf3uEyrNpHgwswSDmIwFixglxkqPE8nxirMpVobVmlf3FnDXiV+QGhRoDatfg5GkaYzCUE607vteYoKMKMMox3llkGpMCJ2SMfYtFSRGHWSLi+fuhVVGbiSVLWHchfp7IiOx1rM4tJ0xMRO96uXif14/NdFNkDGRpAYFXS6KUu4a6ebvuyOmkBo+s4RQxeytLp0QRaixIeUh+Ksvr5NOo+57df++UWvWizjKcAbncAk+XEMT7qAFbaAg4Ble4c3Rzovz7nwsW0tOMXMKf+B8/gDb5JBM</latexit>
electron-like
<latexit sha1_base64="at7meScYo6ly0LXfT7r7QUdKMpA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4MSS96LHgxWMF+wFtLJvttF262YTdjVJC/4cXD4p49b9489+4aXPQ1gcDj/dmmJkXJoJr43nfztr6xubWdmmnvLu3f3BYOTpu6ThVDJssFrHqhFSj4BKbhhuBnUQhjUKB7XByk/vtR1Sax/LeTBMMIjqSfMgZNVZ6QIHMqFheCj7Bcr9S9VxvDrJK/IJUoUCjX/nqDWKWRigNE1Trru8lJsioMpwJnJV7qcaEsgkdYddSSSPUQTa/ekbOrTIgw1jZkobM1d8TGY20nkah7YyoGetlLxf/87qpGV4HGZdJalCyxaJhKoiJSR4BGXBlvxZTSyhT3N5K2JgqyowNKg/BX355lbRqru+5/l2tWneLOEpwCmdwAT5cQR1uoQFNYKDgGV7hzXlyXpx352PRuuYUMyfwB87nDxgJkig=</latexit><latexit sha1_base64="at7meScYo6ly0LXfT7r7QUdKMpA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4MSS96LHgxWMF+wFtLJvttF262YTdjVJC/4cXD4p49b9489+4aXPQ1gcDj/dmmJkXJoJr43nfztr6xubWdmmnvLu3f3BYOTpu6ThVDJssFrHqhFSj4BKbhhuBnUQhjUKB7XByk/vtR1Sax/LeTBMMIjqSfMgZNVZ6QIHMqFheCj7Bcr9S9VxvDrJK/IJUoUCjX/nqDWKWRigNE1Trru8lJsioMpwJnJV7qcaEsgkdYddSSSPUQTa/ekbOrTIgw1jZkobM1d8TGY20nkah7YyoGetlLxf/87qpGV4HGZdJalCyxaJhKoiJSR4BGXBlvxZTSyhT3N5K2JgqyowNKg/BX355lbRqru+5/l2tWneLOEpwCmdwAT5cQR1uoQFNYKDgGV7hzXlyXpx352PRuuYUMyfwB87nDxgJkig=</latexit><latexit sha1_base64="at7meScYo6ly0LXfT7r7QUdKMpA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4MSS96LHgxWMF+wFtLJvttF262YTdjVJC/4cXD4p49b9489+4aXPQ1gcDj/dmmJkXJoJr43nfztr6xubWdmmnvLu3f3BYOTpu6ThVDJssFrHqhFSj4BKbhhuBnUQhjUKB7XByk/vtR1Sax/LeTBMMIjqSfMgZNVZ6QIHMqFheCj7Bcr9S9VxvDrJK/IJUoUCjX/nqDWKWRigNE1Trru8lJsioMpwJnJV7qcaEsgkdYddSSSPUQTa/ekbOrTIgw1jZkobM1d8TGY20nkah7YyoGetlLxf/87qpGV4HGZdJalCyxaJhKoiJSR4BGXBlvxZTSyhT3N5K2JgqyowNKg/BX355lbRqru+5/l2tWneLOEpwCmdwAT5cQR1uoQFNYKDgGV7hzXlyXpx352PRuuYUMyfwB87nDxgJkig=</latexit><latexit sha1_base64="at7meScYo6ly0LXfT7r7QUdKMpA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4MSS96LHgxWMF+wFtLJvttF262YTdjVJC/4cXD4p49b9489+4aXPQ1gcDj/dmmJkXJoJr43nfztr6xubWdmmnvLu3f3BYOTpu6ThVDJssFrHqhFSj4BKbhhuBnUQhjUKB7XByk/vtR1Sax/LeTBMMIjqSfMgZNVZ6QIHMqFheCj7Bcr9S9VxvDrJK/IJUoUCjX/nqDWKWRigNE1Trru8lJsioMpwJnJV7qcaEsgkdYddSSSPUQTa/ekbOrTIgw1jZkobM1d8TGY20nkah7YyoGetlLxf/87qpGV4HGZdJalCyxaJhKoiJSR4BGXBlvxZTSyhT3N5K2JgqyowNKg/BX355lbRqru+5/l2tWneLOEpwCmdwAT5cQR1uoQFNYKDgGV7hzXlyXpx352PRuuYUMyfwB87nDxgJkig=</latexit>
a)
<latexit sha1_base64="MAj8Zaq3gObinUwQ29SexsqWNkc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aytb2xubZd2yrt7+weHlaPjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gcpv7nSemNI/lo5kmzI9wJHnIKRorPeBleVCpujV3DrJKvIJUoUBzUPnqD2OaRkwaKlDrnucmxs9QGU4Fm5X7qWYJ0gmOWM9SiRHTfjY/dUbOrTIkYaxsSUPm6u+JDCOtp1FgOyM0Y73s5eJ/Xi814bWfcZmkhkm6WBSmgpiY5H+TIVeMGjG1BKni9lZCx6iQGptOHoK3/PIqaddrnlvz7uvVxk0RRwlO4QwuwIMraMAdNKEFFEbwDK/w5gjnxXl3Phata04xcwJ/4Hz+AFmZjSY=</latexit><latexit sha1_base64="MAj8Zaq3gObinUwQ29SexsqWNkc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aytb2xubZd2yrt7+weHlaPjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gcpv7nSemNI/lo5kmzI9wJHnIKRorPeBleVCpujV3DrJKvIJUoUBzUPnqD2OaRkwaKlDrnucmxs9QGU4Fm5X7qWYJ0gmOWM9SiRHTfjY/dUbOrTIkYaxsSUPm6u+JDCOtp1FgOyM0Y73s5eJ/Xi814bWfcZmkhkm6WBSmgpiY5H+TIVeMGjG1BKni9lZCx6iQGptOHoK3/PIqaddrnlvz7uvVxk0RRwlO4QwuwIMraMAdNKEFFEbwDK/w5gjnxXl3Phata04xcwJ/4Hz+AFmZjSY=</latexit><latexit sha1_base64="MAj8Zaq3gObinUwQ29SexsqWNkc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aytb2xubZd2yrt7+weHlaPjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gcpv7nSemNI/lo5kmzI9wJHnIKRorPeBleVCpujV3DrJKvIJUoUBzUPnqD2OaRkwaKlDrnucmxs9QGU4Fm5X7qWYJ0gmOWM9SiRHTfjY/dUbOrTIkYaxsSUPm6u+JDCOtp1FgOyM0Y73s5eJ/Xi814bWfcZmkhkm6WBSmgpiY5H+TIVeMGjG1BKni9lZCx6iQGptOHoK3/PIqaddrnlvz7uvVxk0RRwlO4QwuwIMraMAdNKEFFEbwDK/w5gjnxXl3Phata04xcwJ/4Hz+AFmZjSY=</latexit><latexit sha1_base64="MAj8Zaq3gObinUwQ29SexsqWNkc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhjLZbtqlm03Y3Qgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777aytb2xubZd2yrt7+weHlaPjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gcpv7nSemNI/lo5kmzI9wJHnIKRorPeBleVCpujV3DrJKvIJUoUBzUPnqD2OaRkwaKlDrnucmxs9QGU4Fm5X7qWYJ0gmOWM9SiRHTfjY/dUbOrTIkYaxsSUPm6u+JDCOtp1FgOyM0Y73s5eJ/Xi814bWfcZmkhkm6WBSmgpiY5H+TIVeMGjG1BKni9lZCx6iQGptOHoK3/PIqaddrnlvz7uvVxk0RRwlO4QwuwIMraMAdNKEFFEbwDK/w5gjnxXl3Phata04xcwJ/4Hz+AFmZjSY=</latexit>
b)
<latexit sha1_base64="HZViRJv2canwpznSDnIDaRwgDg4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHoLL8qBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5X7qeEJZRM64j1LFY248bP5qTNybpUhCWNtSyGZq78nMhoZM40C2xlRHJtlLxf/83ophtd+JlSSIldssShMJcGY5H+TodCcoZxaQpkW9lbCxlRThjadPARv+eVV0q7XPLfm3derjZsijhKcwhlcgAdX0IA7aEILGIzgGV7hzZHOi/PufCxa15xi5gT+wPn8AVsfjSc=</latexit><latexit sha1_base64="HZViRJv2canwpznSDnIDaRwgDg4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHoLL8qBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5X7qeEJZRM64j1LFY248bP5qTNybpUhCWNtSyGZq78nMhoZM40C2xlRHJtlLxf/83ophtd+JlSSIldssShMJcGY5H+TodCcoZxaQpkW9lbCxlRThjadPARv+eVV0q7XPLfm3derjZsijhKcwhlcgAdX0IA7aEILGIzgGV7hzZHOi/PufCxa15xi5gT+wPn8AVsfjSc=</latexit><latexit sha1_base64="HZViRJv2canwpznSDnIDaRwgDg4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHoLL8qBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5X7qeEJZRM64j1LFY248bP5qTNybpUhCWNtSyGZq78nMhoZM40C2xlRHJtlLxf/83ophtd+JlSSIldssShMJcGY5H+TodCcoZxaQpkW9lbCxlRThjadPARv+eVV0q7XPLfm3derjZsijhKcwhlcgAdX0IA7aEILGIzgGV7hzZHOi/PufCxa15xi5gT+wPn8AVsfjSc=</latexit><latexit sha1_base64="HZViRJv2canwpznSDnIDaRwgDg4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLopSS96EkKXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tks75d29/YPDytFx28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuc39zhPXRsTqEacJ9yM6UiIUjKKVHoLL8qBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+oRsEkn5X7qeEJZRM64j1LFY248bP5qTNybpUhCWNtSyGZq78nMhoZM40C2xlRHJtlLxf/83ophtd+JlSSIldssShMJcGY5H+TodCcoZxaQpkW9lbCxlRThjadPARv+eVV0q7XPLfm3derjZsijhKcwhlcgAdX0IA7aEILGIzgGV7hzZHOi/PufCxa15xi5gT+wPn8AVsfjSc=</latexit>
x
<latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit><latexit sha1_base64="haLlnr2vYoJvMxSttBA19KLVX4I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5bsB/QhrLZTtq1m03Y3Ygl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFS46lfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXBenHfnY9FacPKZY/gD5/MH44SM8w==</latexit>
y
<latexit sha1_base64="2zPr5xdFz5CkWaUhIKLkUVs1bY0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJSkFz0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvc397hPXRsTqEWcJ9yM6ViIUjKKVHmaVYbXm1t0FyDrxClKDAq1h9WswilkacYVMUmP6npugn1GNgkk+rwxSwxPKpnTM+5YqGnHjZ4tL5+TCKiMSxtqWQrJQf09kNDJmFgW2M6I4MateLv7n9VMMb/xMqCRFrthyUZhKgjHJ3yYjoTlDObOEMi3srYRNqKYMbTh5CN7qy+uk06h7bt27b9SaV0UcZTiDc7gED66hCXfQgjYwCOEZXuHNmTovzrvzsWwtOcXMKfyB8/kDFHmM9w==</latexit><latexit sha1_base64="2zPr5xdFz5CkWaUhIKLkUVs1bY0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJSkFz0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvc397hPXRsTqEWcJ9yM6ViIUjKKVHmaVYbXm1t0FyDrxClKDAq1h9WswilkacYVMUmP6npugn1GNgkk+rwxSwxPKpnTM+5YqGnHjZ4tL5+TCKiMSxtqWQrJQf09kNDJmFgW2M6I4MateLv7n9VMMb/xMqCRFrthyUZhKgjHJ3yYjoTlDObOEMi3srYRNqKYMbTh5CN7qy+uk06h7bt27b9SaV0UcZTiDc7gED66hCXfQgjYwCOEZXuHNmTovzrvzsWwtOcXMKfyB8/kDFHmM9w==</latexit><latexit sha1_base64="2zPr5xdFz5CkWaUhIKLkUVs1bY0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJSkFz0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvc397hPXRsTqEWcJ9yM6ViIUjKKVHmaVYbXm1t0FyDrxClKDAq1h9WswilkacYVMUmP6npugn1GNgkk+rwxSwxPKpnTM+5YqGnHjZ4tL5+TCKiMSxtqWQrJQf09kNDJmFgW2M6I4MateLv7n9VMMb/xMqCRFrthyUZhKgjHJ3yYjoTlDObOEMi3srYRNqKYMbTh5CN7qy+uk06h7bt27b9SaV0UcZTiDc7gED66hCXfQgjYwCOEZXuHNmTovzrvzsWwtOcXMKfyB8/kDFHmM9w==</latexit><latexit sha1_base64="2zPr5xdFz5CkWaUhIKLkUVs1bY0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJSkFz0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bN20O2vpg4PHeDDPzgkQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvc397hPXRsTqEWcJ9yM6ViIUjKKVHmaVYbXm1t0FyDrxClKDAq1h9WswilkacYVMUmP6npugn1GNgkk+rwxSwxPKpnTM+5YqGnHjZ4tL5+TCKiMSxtqWQrJQf09kNDJmFgW2M6I4MateLv7n9VMMb/xMqCRFrthyUZhKgjHJ3yYjoTlDObOEMi3srYRNqKYMbTh5CN7qy+uk06h7bt27b9SaV0UcZTiDc7gED66hCXfQgjYwCOEZXuHNmTovzrvzsWwtOcXMKfyB8/kDFHmM9w==</latexit>E <  
<latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit><latexit sha1_base64="9ZAy7cZSeA4nDk6tnnsB66NZBf8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIKngoqOCxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBortW6vOjcoDO2Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9N7x2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asILP+MySQ1KNlsUpoKYmEyeJz2ukBkxsoQyxe2thA2ooszYiIo2BG/+5UXSOK14bsW7PytXL/M4CnAIR3ACHpxDFe6gBnVgIOAZXuHNeXRenHfnY9a65OQzB/AHzucPbpOPiA==</latexit>
specular reflected
<latexit sha1_base64="va6ol9zk++XUjMNkxtyWm+zjwr8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5D0oseCF48V7Ae0oWw2k3bpZhN2N0II9a948aCIV3+IN/+NmzYHbX0w8Hhvhpl5QcqZ0q77bdW2tnd29+r7jYPDo+MT+/Ssr5JMUujRhCdyGBAFnAnoaaY5DFMJJA44DIL5bekPHkEqlogHnafgx2QqWMQo0Uaa2E2VAs04kVhCxIFqCBsTu+U67hJ4k3gVaaEK3Yn9NQ4TmsUgNOVEqZHnptoviNSMclg0xpmClNA5mcLIUEFiUH6xPH6BL40S4iiRpoTGS/X3REFipfI4MJ0x0TO17pXif94o09GNXzCRZhoEXS2KMo51gsskcMik+ZfnhhAqmbkV0xmRxGQgVRmCt/7yJum3Hc91vPt2q+NUcdTRObpAV8hD16iD7lAX9RBFOXpGr+jNerJerHfrY9Vas6qZJvoD6/MHcBCUig==</latexit><latexit sha1_base64="va6ol9zk++XUjMNkxtyWm+zjwr8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5D0oseCF48V7Ae0oWw2k3bpZhN2N0II9a948aCIV3+IN/+NmzYHbX0w8Hhvhpl5QcqZ0q77bdW2tnd29+r7jYPDo+MT+/Ssr5JMUujRhCdyGBAFnAnoaaY5DFMJJA44DIL5bekPHkEqlogHnafgx2QqWMQo0Uaa2E2VAs04kVhCxIFqCBsTu+U67hJ4k3gVaaEK3Yn9NQ4TmsUgNOVEqZHnptoviNSMclg0xpmClNA5mcLIUEFiUH6xPH6BL40S4iiRpoTGS/X3REFipfI4MJ0x0TO17pXif94o09GNXzCRZhoEXS2KMo51gsskcMik+ZfnhhAqmbkV0xmRxGQgVRmCt/7yJum3Hc91vPt2q+NUcdTRObpAV8hD16iD7lAX9RBFOXpGr+jNerJerHfrY9Vas6qZJvoD6/MHcBCUig==</latexit><latexit sha1_base64="va6ol9zk++XUjMNkxtyWm+zjwr8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5D0oseCF48V7Ae0oWw2k3bpZhN2N0II9a948aCIV3+IN/+NmzYHbX0w8Hhvhpl5QcqZ0q77bdW2tnd29+r7jYPDo+MT+/Ssr5JMUujRhCdyGBAFnAnoaaY5DFMJJA44DIL5bekPHkEqlogHnafgx2QqWMQo0Uaa2E2VAs04kVhCxIFqCBsTu+U67hJ4k3gVaaEK3Yn9NQ4TmsUgNOVEqZHnptoviNSMclg0xpmClNA5mcLIUEFiUH6xPH6BL40S4iiRpoTGS/X3REFipfI4MJ0x0TO17pXif94o09GNXzCRZhoEXS2KMo51gsskcMik+ZfnhhAqmbkV0xmRxGQgVRmCt/7yJum3Hc91vPt2q+NUcdTRObpAV8hD16iD7lAX9RBFOXpGr+jNerJerHfrY9Vas6qZJvoD6/MHcBCUig==</latexit><latexit sha1_base64="va6ol9zk++XUjMNkxtyWm+zjwr8=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5D0oseCF48V7Ae0oWw2k3bpZhN2N0II9a948aCIV3+IN/+NmzYHbX0w8Hhvhpl5QcqZ0q77bdW2tnd29+r7jYPDo+MT+/Ssr5JMUujRhCdyGBAFnAnoaaY5DFMJJA44DIL5bekPHkEqlogHnafgx2QqWMQo0Uaa2E2VAs04kVhCxIFqCBsTu+U67hJ4k3gVaaEK3Yn9NQ4TmsUgNOVEqZHnptoviNSMclg0xpmClNA5mcLIUEFiUH6xPH6BL40S4iiRpoTGS/X3REFipfI4MJ0x0TO17pXif94o09GNXzCRZhoEXS2KMo51gsskcMik+ZfnhhAqmbkV0xmRxGQgVRmCt/7yJum3Hc91vPt2q+NUcdTRObpAV8hD16iD7lAX9RBFOXpGr+jNerJerHfrY9Vas6qZJvoD6/MHcBCUig==</latexit>
Andreev reflected
<latexit sha1_base64="ko9HcMkl66FtzMcsEsUYp+mVu0E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5D0oseKF48V7Ae0oWw2k3bpZhN2N8US+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOVMadf9tipb2zu7e9X92sHh0fGJfVrvqiSTFDo04YnsB0QBZwI6mmkO/VQCiQMOvWB6V/i9GUjFEvGo5yn4MRkLFjFKtJFGdv1WhBJghiVEHKiGsDayG67jLoE3iVeSBirRHtlfwzChWQxCU06UGnhuqv2cSM0oh0VtmClICZ2SMQwMFSQG5efL2xf40ighjhJpSmi8VH9P5CRWah4HpjMmeqLWvUL8zxtkOrrxcybSTIOgq0VRxrFOcBEEDpk0//K5IYRKZm7FdEIkMRlIVYTgrb+8SbpNx3Md76HZaDllHFV0ji7QFfLQNWqhe9RGHUTRE3pGr+jNWlgv1rv1sWqtWOXMGfoD6/MHVrWT5g==</latexit><latexit sha1_base64="ko9HcMkl66FtzMcsEsUYp+mVu0E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5D0oseKF48V7Ae0oWw2k3bpZhN2N8US+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOVMadf9tipb2zu7e9X92sHh0fGJfVrvqiSTFDo04YnsB0QBZwI6mmkO/VQCiQMOvWB6V/i9GUjFEvGo5yn4MRkLFjFKtJFGdv1WhBJghiVEHKiGsDayG67jLoE3iVeSBirRHtlfwzChWQxCU06UGnhuqv2cSM0oh0VtmClICZ2SMQwMFSQG5efL2xf40ighjhJpSmi8VH9P5CRWah4HpjMmeqLWvUL8zxtkOrrxcybSTIOgq0VRxrFOcBEEDpk0//K5IYRKZm7FdEIkMRlIVYTgrb+8SbpNx3Md76HZaDllHFV0ji7QFfLQNWqhe9RGHUTRE3pGr+jNWlgv1rv1sWqtWOXMGfoD6/MHVrWT5g==</latexit><latexit sha1_base64="ko9HcMkl66FtzMcsEsUYp+mVu0E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5D0oseKF48V7Ae0oWw2k3bpZhN2N8US+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOVMadf9tipb2zu7e9X92sHh0fGJfVrvqiSTFDo04YnsB0QBZwI6mmkO/VQCiQMOvWB6V/i9GUjFEvGo5yn4MRkLFjFKtJFGdv1WhBJghiVEHKiGsDayG67jLoE3iVeSBirRHtlfwzChWQxCU06UGnhuqv2cSM0oh0VtmClICZ2SMQwMFSQG5efL2xf40ighjhJpSmi8VH9P5CRWah4HpjMmeqLWvUL8zxtkOrrxcybSTIOgq0VRxrFOcBEEDpk0//K5IYRKZm7FdEIkMRlIVYTgrb+8SbpNx3Md76HZaDllHFV0ji7QFfLQNWqhe9RGHUTRE3pGr+jNWlgv1rv1sWqtWOXMGfoD6/MHVrWT5g==</latexit><latexit sha1_base64="ko9HcMkl66FtzMcsEsUYp+mVu0E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5D0oseKF48V7Ae0oWw2k3bpZhN2N8US+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOVMadf9tipb2zu7e9X92sHh0fGJfVrvqiSTFDo04YnsB0QBZwI6mmkO/VQCiQMOvWB6V/i9GUjFEvGo5yn4MRkLFjFKtJFGdv1WhBJghiVEHKiGsDayG67jLoE3iVeSBirRHtlfwzChWQxCU06UGnhuqv2cSM0oh0VtmClICZ2SMQwMFSQG5efL2xf40ighjhJpSmi8VH9P5CRWah4HpjMmeqLWvUL8zxtkOrrxcybSTIOgq0VRxrFOcBEEDpk0//K5IYRKZm7FdEIkMRlIVYTgrb+8SbpNx3Md76HZaDllHFV0ji7QFfLQNWqhe9RGHUTRE3pGr+jNWlgv1rv1sWqtWOXMGfoD6/MHVrWT5g==</latexit>
electron
<latexit sha1_base64="20VkpqEFwC27dtAlUQc1cK2fqdY=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmMAhWy24aLQM2lhHMQ5IlzE5mkyHzWGZmhbDkK2wsFLH1c+z8G2eTLTTxwMDhnHuZe06ccmZsEHx7G5tb2zu7lb3q/sHh0XHt5LRjVKYJbRPFle7F2FDOJG1bZjntpZpiEXPajae3hd99otowJR/sLKWRwGPJEkawddIj5ZRYrWR1WKsHfrAAWidhSepQojWsfQ1GimSCSks4NqYfBqmNcqwtI5zOq4PM0BSTKR7TvqMSC2qifHHwHF06ZYQSpd2TFi3U3xs5FsbMROwmBbYTs+oV4n9eP7PJTZQzmWaWSrL8KMk4sgoV6dGIaReYzxzBRDN3KyITrDGxrqOihHA18jrpNPww8MP7Rr3pl3VU4Bwu4ApCuIYm3EEL2kBAwDO8wpunvRfv3ftYjm545c4Z/IH3+QOG2pAk</latexit><latexit sha1_base64="20VkpqEFwC27dtAlUQc1cK2fqdY=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmMAhWy24aLQM2lhHMQ5IlzE5mkyHzWGZmhbDkK2wsFLH1c+z8G2eTLTTxwMDhnHuZe06ccmZsEHx7G5tb2zu7lb3q/sHh0XHt5LRjVKYJbRPFle7F2FDOJG1bZjntpZpiEXPajae3hd99otowJR/sLKWRwGPJEkawddIj5ZRYrWR1WKsHfrAAWidhSepQojWsfQ1GimSCSks4NqYfBqmNcqwtI5zOq4PM0BSTKR7TvqMSC2qifHHwHF06ZYQSpd2TFi3U3xs5FsbMROwmBbYTs+oV4n9eP7PJTZQzmWaWSrL8KMk4sgoV6dGIaReYzxzBRDN3KyITrDGxrqOihHA18jrpNPww8MP7Rr3pl3VU4Bwu4ApCuIYm3EEL2kBAwDO8wpunvRfv3ftYjm545c4Z/IH3+QOG2pAk</latexit><latexit sha1_base64="20VkpqEFwC27dtAlUQc1cK2fqdY=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmMAhWy24aLQM2lhHMQ5IlzE5mkyHzWGZmhbDkK2wsFLH1c+z8G2eTLTTxwMDhnHuZe06ccmZsEHx7G5tb2zu7lb3q/sHh0XHt5LRjVKYJbRPFle7F2FDOJG1bZjntpZpiEXPajae3hd99otowJR/sLKWRwGPJEkawddIj5ZRYrWR1WKsHfrAAWidhSepQojWsfQ1GimSCSks4NqYfBqmNcqwtI5zOq4PM0BSTKR7TvqMSC2qifHHwHF06ZYQSpd2TFi3U3xs5FsbMROwmBbYTs+oV4n9eP7PJTZQzmWaWSrL8KMk4sgoV6dGIaReYzxzBRDN3KyITrDGxrqOihHA18jrpNPww8MP7Rr3pl3VU4Bwu4ApCuIYm3EEL2kBAwDO8wpunvRfv3ftYjm545c4Z/IH3+QOG2pAk</latexit><latexit sha1_base64="20VkpqEFwC27dtAlUQc1cK2fqdY=">AAAB8HicbVC7SgNBFL3rM8ZX1NJmMAhWy24aLQM2lhHMQ5IlzE5mkyHzWGZmhbDkK2wsFLH1c+z8G2eTLTTxwMDhnHuZe06ccmZsEHx7G5tb2zu7lb3q/sHh0XHt5LRjVKYJbRPFle7F2FDOJG1bZjntpZpiEXPajae3hd99otowJR/sLKWRwGPJEkawddIj5ZRYrWR1WKsHfrAAWidhSepQojWsfQ1GimSCSks4NqYfBqmNcqwtI5zOq4PM0BSTKR7TvqMSC2qifHHwHF06ZYQSpd2TFi3U3xs5FsbMROwmBbYTs+oV4n9eP7PJTZQzmWaWSrL8KMk4sgoV6dGIaReYzxzBRDN3KyITrDGxrqOihHA18jrpNPww8MP7Rr3pl3VU4Bwu4ApCuIYm3EEL2kBAwDO8wpunvRfv3ftYjm545c4Z/IH3+QOG2pAk</latexit>
hole
<latexit sha1_base64="FtDDzKJd70RhNn1ErXaTc6x23G8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WPBi8cK9gPaUDbbSbt0sxt2N0IJ/Q1ePCji1R/kzX9j0uagrQ8GHu/NMDMvTAQ31vO+ncrW9s7uXnW/dnB4dHxSPz3rGpVqhh2mhNL9kBoUXGLHciuwn2ikcSiwF87uCr/3hNpwJR/tPMEgphPJI86ozaXOVAmsjeoNz/WWIJvEL0kDSrRH9a/hWLE0RmmZoMYMfC+xQUa15UzgojZMDSaUzegEBzmVNEYTZMtjF+QqV8YkUjovaclS/T2R0diYeRzmnTG1U7PuFeJ/3iC10W2QcZmkFiVbLYpSQawixedkzDUyK+Y5oUzz/FbCplRTZvN8ihD89Zc3Sbfp+p7rPzQbLbeMowoXcAnX4MMNtOAe2tABBhye4RXeHOm8OO/Ox6q14pQz5/AHzucPU3COSA==</latexit><latexit sha1_base64="FtDDzKJd70RhNn1ErXaTc6x23G8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WPBi8cK9gPaUDbbSbt0sxt2N0IJ/Q1ePCji1R/kzX9j0uagrQ8GHu/NMDMvTAQ31vO+ncrW9s7uXnW/dnB4dHxSPz3rGpVqhh2mhNL9kBoUXGLHciuwn2ikcSiwF87uCr/3hNpwJR/tPMEgphPJI86ozaXOVAmsjeoNz/WWIJvEL0kDSrRH9a/hWLE0RmmZoMYMfC+xQUa15UzgojZMDSaUzegEBzmVNEYTZMtjF+QqV8YkUjovaclS/T2R0diYeRzmnTG1U7PuFeJ/3iC10W2QcZmkFiVbLYpSQawixedkzDUyK+Y5oUzz/FbCplRTZvN8ihD89Zc3Sbfp+p7rPzQbLbeMowoXcAnX4MMNtOAe2tABBhye4RXeHOm8OO/Ox6q14pQz5/AHzucPU3COSA==</latexit><latexit sha1_base64="FtDDzKJd70RhNn1ErXaTc6x23G8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WPBi8cK9gPaUDbbSbt0sxt2N0IJ/Q1ePCji1R/kzX9j0uagrQ8GHu/NMDMvTAQ31vO+ncrW9s7uXnW/dnB4dHxSPz3rGpVqhh2mhNL9kBoUXGLHciuwn2ikcSiwF87uCr/3hNpwJR/tPMEgphPJI86ozaXOVAmsjeoNz/WWIJvEL0kDSrRH9a/hWLE0RmmZoMYMfC+xQUa15UzgojZMDSaUzegEBzmVNEYTZMtjF+QqV8YkUjovaclS/T2R0diYeRzmnTG1U7PuFeJ/3iC10W2QcZmkFiVbLYpSQawixedkzDUyK+Y5oUzz/FbCplRTZvN8ihD89Zc3Sbfp+p7rPzQbLbeMowoXcAnX4MMNtOAe2tABBhye4RXeHOm8OO/Ox6q14pQz5/AHzucPU3COSA==</latexit><latexit sha1_base64="FtDDzKJd70RhNn1ErXaTc6x23G8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WPBi8cK9gPaUDbbSbt0sxt2N0IJ/Q1ePCji1R/kzX9j0uagrQ8GHu/NMDMvTAQ31vO+ncrW9s7uXnW/dnB4dHxSPz3rGpVqhh2mhNL9kBoUXGLHciuwn2ikcSiwF87uCr/3hNpwJR/tPMEgphPJI86ozaXOVAmsjeoNz/WWIJvEL0kDSrRH9a/hWLE0RmmZoMYMfC+xQUa15UzgojZMDSaUzegEBzmVNEYTZMtjF+QqV8YkUjovaclS/T2R0diYeRzmnTG1U7PuFeJ/3iC10W2QcZmkFiVbLYpSQawixedkzDUyK+Y5oUzz/FbCplRTZvN8ihD89Zc3Sbfp+p7rPzQbLbeMowoXcAnX4MMNtOAe2tABBhye4RXeHOm8OO/Ox6q14pQz5/AHzucPU3COSA==</latexit>
✓
<latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit>
✓
<latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit><latexit sha1_base64="67fDaUh8CnoaOn4C+9Ti7ThPJlk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GPBi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTKUw6HnfTmVjc2t7p7pb29s/ODyqH590TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74bTu8LvPnFtRKIecZbyIKZjJSLBKFqpO8AJR1ob1hue6y1A1olfkgaUaA3rX4NRwrKYK2SSGtP3vRSDnGoUTPJ5bZAZnlI2pWPet1TRmJsgX5w7JxdWGZEo0bYUkoX6eyKnsTGzOLSdMcWJWfUK8T+vn2F0G+RCpRlyxZaLokwSTEjxOxkJzRnKmSWUaWFvJWxCNWVoEypC8FdfXiedK9f3XP/hutF0yziqcAbncAk+3EAT7qEFbWAwhWd4hTcndV6cd+dj2VpxyplT+APn8wfUe48o</latexit>
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FIGURE 1.3: a) Excitation spectrum and possible quasiparticle solutions and their propagation
direction on both sides of the interface. b) Electron with sub gap energy can not enter the supercon-
ductor, pairs up with a electron below the Fermi energy to enter the condensate and leaves behind a
hole. c) Paths of the reflected quasiparticles.
transfer at such boundaries and explain how these lead to the formation of Andreev bound states and the
Josephson effect in S/N/S junctions. Finally we explore how these effects are altered under the presence
of a homogeneous exchange field. This section will allow the reader to fully reproduce the findings of
chapter 2.
1.2.1 Andreev reflection and N/S interface - Proximity effect
The Andreev reflection is a process that appears at a N/S interface and is an explanation for the finite
sub-gap charge transport. It also provides insight into the difference between the BCS many particle gap,
and a single particle gap, because a quasiparticle can enter the superconductor with an energy below the
gap, only because of the presence of the many-body condensate.
Let us assume a planar system in the x-y plane, with a N/S interface located at x = 0 and translational
invariant in the y direction. We model the order parameter as a step-function ∆ (x) = Θ(x)∆0 and a
add δ-like normal scattering barrier at the interface by setting V (x) = Hδ(x). Let us determine the
possible propagating solutions in the different regions.
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and eiϕ = ∆0|∆0| is the phase of the order parameter. We parametrize the in-plane Fermi wave vector of
the circular Fermi surface by angle θ, kF = kF (cos θ, sin θ). For small excitations about the gap energy
and when the gap is much smaller then the Fermi energy, E,∆0  µ, we can approximate
ke = kF cos θ +
E
~vF cos θ




qe = kF cos θ +
Ω
~vF cos θ




which is usually referred to as the Andreev or quasi-classical approximation. From these single particle
solutions we can construct the solution across the interface. For an incoming electron from the normal
region we have two possible solutions that propagate away from the interface on each side of the junction,
by calculating the group velocity of the excitations vg(k) = ∂kEk. The Ansatz in the normal region and
superconducting regions reads
ΨN (x) = ψ
+
e (x) + rehψ
+








respectively. The coefficients reh, ree, tee, teh are the probability amplitudes for electron-hole-, electron-
electron reflection, electron-hole-, electron-electron transmission respectively and are determined by









A scheme of the Ansatz for the different regions of the junction is shown in Fig. 1.3. Solving the system























where we used the approximation ke, kh, qe, qh ≈ kF cos θ, and introduced Z = H/(~vF cos θ) and
γ = (u2 +Z2(u2−v2)). In Fig. 1.4 we plot the probabilities for the different processes resulting from an
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electron impinging at the interface at normal incidence, Rab = |rab|2, Tab = |tab|2, where a, b ∈ {e, h}.
The probability for the reflection of a electron into a hole is always present for energies below or slightly
above to the superconducting gap and vanishes at higher energies. Such a process is usually called
Andreev reflection [71] and is responsible for the charge transport across SN interfaces for energies
below the gap energy. One might think that no charge transfer is possible, as quasiparticles with energies
smaller then the gap can not enter the superconductor due to the vanishing DOS. However, ∆ is a many
particle gap representing the tendency for electrons to form Cooper pairs. Inside the superconductor, the
electron-like quasiparticle solution is evanescent, thus its charge must transfer to the other side of the
interface. When penetrating the superconductor, the incoming electron can pair up with a electron below
the Fermi-energy to form a Cooper pair, which gets absorbed by the condensate. During this a hole
excitation is left behind, and leaves into the normal metal as sketched in Fig. 1.3 b). As the electrons can
only enter the condensate in pairs, with each Andreev reflection a total charge of 2e is transferred into the
superconductor. Inspection of the Ansatz shows another peculiarity. Within the Andreev approximation
of small excitation- and gap-energies with respect to EF , the reflected hole traces back exactly the
path of the incoming electron (Fig. 1.3 c). The Andreev reflection competes with the usual specular
reflection of electrons, as can be seen in Fig. 1.4. For vanishing normal barrier Z = 0, quasiparticles
with energy below the gap get perfectly Andreev reflected. Increasing the barrier strength Z leads to a
strong suppression of the Andreev reflection as the electrons are hindered to enter the superconductor
and thus can not be absorbed by the condensate. Let us now calculate some observables from these
coefficients.
Current and conductance at finite voltage
For small applied bias between a normal and superconductor lead connected by some constriction, for
example a short wire, the current can be related to the reflection and transmission coefficients. Within
the generalized Landauer-Büttiker formalism to superconducting systems introduced by BTK [70], the




[f0 (E − eV )− f0(E)] [1 +Reh −Ree] dE. (1.51)
Here f0 is the Fermi distribution at equilibrium, N0 is the normal density of states at the Fermi energy
and A is the cross section of the link between the leads. In the normal metal Reh = 0 due to absence
of Andreev scattering processes and 1− Ree = Tee = 11+Z2 due to conservation of probability current.
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FIGURE 1.4: Reflection and transmission probabilities for different normal barrier strengths Z for
a particle with incidence angle normal to the interface.
The current and the differential conductance are shown in Fig.1.5. For a ballistic link where Z = 0, the
current for Voltages below the gap and the conductance are exactly twice the quantities in the normal
state. This is as expected when only Andreev processes contribute to the charge transfer. Electrons pass
the interface in pairs only. In the tunneling limit, when Z  1, the sub gap current and conductance are
strongly reduced due to the suppression of the Andreev reflection. The cusp at the the gap energy stems
from the singularity of the density of states of the superconductor at the gap edge.
1.2.2 Josephson effect and Andreev bound states in S/N/S junctions
In general, the order parameter of the superconducting state is a complex quantity. It will therefore have
a phase which is unobservable due to the nature of measurement within the quantum mechanical frame-
work, where only phase differences between quantum states are of relevance. If two superconductors are
brought into contact separated by a tunnel junction (thin insulating layer) or a weak link (normal metal
constriction), the two subsystems maintain their own phase of the order parameter, let us say ϕL and
ϕR. The coupling between the two superconductors leads to interference of the phases making the phase
difference an observable quantity. Such a device is called a Josephson junction and was named after
18
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FIGURE 1.5: a) Current and b) differential conductance for different normal barrier strengths Z.
B. D. Josephson, whose striking prediction was that the macroscopic phase difference ϕ = ϕL − ϕR
drives a zero-voltage supercurrent
j(ϕ) ∝ sinϕ (1.54)






of the phase difference if a voltage V is applied across the junction, which leads to a quickly alternating
current and is known as the ac-Josephson effect.
In this work we will be only interested in the dc-Josephson effect, and we will now link its appearance
to the solutions of the BdG equation in a clean S/N/S junction. It will allow us to describe a wide range
of Josephson devices including the tunnel junction case studied by Josephson originally.
If no voltage is applied between the two superconductors, an electron in the normal region with energy
below the gap energy, is Andreev reflected as a hole at one interface. It is then Andreev reflected as
an electron at the other interface thus returning to its initial state. This leads to the formation of so
called Andreev bound states as shown schematically in Fig. 1.6. In the case of a clean interface, only
Andreev reflection processes take place and a Cooper pair is emitted into the right superconductor for
every reflection at the right interface. On the other side of the normal region the reverse process takes
place. A Cooper pair is absorbed from the left superconductor for every reflection at the left interface.
This corresponds to a equilibrium supercurrent through the device. Thus, Andreev bound states offer a
microscopic description of the Josephson effect.
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FIGURE 1.6: Andreev bound state in a SNS junction.
Bound state energies
The condition for the formation of an Andreev bound state depicted in Fig. 1.6 can be obtained by
constructing the wave function ΨSNS(x) across the junction. Wa take the simple case of a single mode
with zero transverse momentum in a junction of length L with the center of the normal region at x = 0.










 eikex + reh
 0
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 eiqex, x > L2
(1.56)













, n ∈ Z. (1.57)
When the junction is short compared to the coherence length of the superconductor L  ξ0 = ~vF∆0 the
above equation reduces to the pair of bound state energies





In the expressions Eq.(1.57), (1.58) , the normal scattering is not included in the calculation. The case of
vanishing scattering potential is physically not very relevant as it would mean the existence of a bulk su-
perconductor with spatially sharp separated regions of different phases of superconducting condensate.
In realistic systems normal scattering appears for example due to surface roughness of the interface. In-
cluding the scattering potential as previously in Sec. 1.2.1 generalizes the short junction result Eq.(1.58)
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The effect of a finite temperature can be included by assuming the weak-coupling temperature depen-




Being a equilibrium current, the dependence of the Josephson current on the phase difference can be cal-













d3r |∆ (r)|2 + FBCS [∆,∆∗] (1.61)
After determining the free Energy FBCS of a superconductor defined through the grand canonical parti-


























where n is a index labeling the states of the system. The first two terms are ϕ-independent and will not
contribute to the current. Inserting F [∆,∆∗] into Eq. (1.60) gives the current phase relationship for the




























The first term corresponds to discrete excitations below the gap, in our case the Andreev bound states.
The second term comes from the continuous spectrum above the gap energy.
As an example we treat the case of a short ballistic junction that hosts a single mode. In that case it can
be shown that the contribution to the current Eq. (1.63) from the continuum states can be neglected [73].














1− τ sin2 ϕ2
. (1.64)
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1.2. Basic transport phenomena in mesoscopic systems involving superconductors
a)


























































FIGURE 1.7: a) Andreev bound state energy in a short junction for different barrier transmissivities
τ at zero temperature. Josephson current at b) zero temperature and c) at perfect transmission and
varying the temperature.
The Andreev bound state energies and the corresponding Josephson current phase relationships are
shown in Fig. 1.7. At perfect transmission τ = 1, the ballistic limit, and low temperatures the two
possible Andreev bound states are decoupled and the current shows a saw tooth like dependence on the
phase difference. Allowing for backscattering in the normal region, 0 < τ < 1, a right moving elec-
tron/hole can be reflected back into a left moving electron/hole which couples the two ballistic Andreev
bound states. As a consequence the Andreev spectrum gaps out at the crossing at ϕ = π. In the tun-
neling limit, when τ is small, the current shows the expected sinϕ behavior as predicted by Josephson.
Close to Tc, the higher harmonics of the current phase relation are suppressed and the current becomes
sinusoidal.
Quasi-classical Green’s function of a junction and the BdG formalism - Furusaki-Tsukada formula
Calculating the equilibrium charge current from the thermodynamic expression Eq. (1.63) can get a
quite tedious task, for example when sub-gap states and continuum states contribute to the current. The
quasi-classical Green’s function of the junction contains the full spectral information of the system and
22
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we will introduce it formally in Sec. 1.4. For now we will show that for a ballistic system, the letter can
be constructed by combining direct products of the BdG solutions for the junction [74, 75]. The current
can then be related to components of the Green’s function and expressed through the Andreev reflection
probability amplitudes as shown by Furusaki and Tsukada [76]. This demonstrates the equivalence
of the Green’s function and BdG formulation, and also emphasizes their individual strengths. The BdG
formulation provides a microscopic picture of the individual quasiparticle processes by combining single
particle solutions. On the other hand, once we know the Green’s function of the system, it contains
the whole spectral information of the system and observables can be calculated from it usually in a
straightforward way. We introduce this formalism as we make great use of it in chapter 2.
Let us assume a ballistic structure with a interface between a superconductor for x < 0, and a normal
conductor for x > 0, that is perpendicular to the transport direction x. The retarded Green’s function
Gr(x, x′, E, k‖) is interpreted as the probability amplitude for quasiparticles, with energy E and con-
served transverse momentum k‖, to propagate from x′ to x. The Green’s function thus can be constructed
by summing up over all possible single particle propagators, which represents all possible quasiparticle
trajectories. There are two ways to do so. We can sum up probabilities for a quasiparticle to arrive at
x, having started at x′ in a specific state, or we can sum up probabilities for a quasiparticle starting at
x′ to arrive at x in a specific state. In a bulk these are identical, but due reflections at the interface the
arriving (starting) quasiparticle, can be in a different state from the starting (arriving) quasiparticle. The
first way is valid for x′ < x < 0 and the second for x < x′ < 0. Let us have a look at the particular
example, when an electron is created at x′ and propagates towards the interface to the point x > x′. The
three single particle propagators for each path correspond to
x0
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so this branch Gre(x, x
′, E, k‖) of the full Green’s function Gr(x, x′, E, k‖) is the direct product of the
BdG solution in the left superconductor and the incoming quasiparticle wave function,
Gre(x, x














For the case when x < x′ < 0 we repeat the construction for a electron-like quasiparticle created at x′
and the possible resulting states at x. The different paths correspond to
23
1.2. Basic transport phenomena in mesoscopic systems involving superconductors
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and the Ansatz for this Green’ function branch is
Gre(x, x






















The construction of Grh(x, x
′, k‖), when starting in a hole state is equivalent. The remaining constants
Ci, C
′
i of the full Green’s function AnsatzG






′, k‖) are then fixed
by the conditions [75, 77]
Gr(x, x′, E, k‖)|x=x′+0+ = Gr(x, x′, E, k‖)|x=x′−0+ , (1.67)
∂xG




The full expression reads,









































The poles of the Green’s function give direct access to the whole spectrum of the Josephson junction: the
discrete Andreev bound states coincide with poles of the Andreev reflection coefficients, while branch
cuts provide the continuum part of the spectrum.
Calculating the equation of motion for the Green’s function and combining it with the equation of con-










(∂x − ∂x′) Tr
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Chapter 1. Mesoscopic superconductivity
Evaluating the trace and conversion to Matsubara frequency space E → iωn to include a temperature





























2. Formula (1.71) relates the charge current to the Andreev reflection coefficients
for each channel, which are labeled by the transverse momentum k‖. As usual these are found by
calculating the solutions of the BdG equation across the junction. Thus naturally this formula includes
contributions to the current above and below the gap energy, and can be applied to a wide range of
ballistic junction scenarios. Note that in the last step of the calculation we have evaluated the expression
at the interface x = 0, which is a short-cut and is equivalent to a full self-consistent evaluation of the
current. For details we refer to Furusaki and Tsukadas original work [76].
Josephson effect and different junction types
The size, geometry, the involved materials and of course external parameters like the temperature will
set the conditions for the formation of Andreev bound states and Andreev reflection processes, and thus
the number of modes contributing to the Josephson current. Oversimplifying, what is left to do is to
count the modes in the correct way for each setup. We will now categorize different junction types.
Two classes can be distinguished with regards to the ratio of the length L of the region separating the
superconductors and the coherence length ξ0. Short junctions for which ξ0  L and long junctions
ξ0  L.
A further distinction is made regarding the ratio of the length of the mean free path l and ξ0. The mean
free path is the length of the classical path that a quasiparticle travels without changing its traveling
direction due to scattering at impurities. In a dirty/diffusive junction, scattering is very frequent and
l  ξ0 with the diffusive coherence length ξ0 =
√
~D
∆ where D = vF τ
2/dim is the diffusion constant,
with dim as the dimension of the system and the scattering time τ = l/vf . In a clean junction l  ξ0
and ξ0 = ~vF∆ . We need to include disorder in our description of the superconducting state in order to
describe dirty systems, which we will do in Sec. 1.4.6. For now we will be mainly concerned with clean
systems and only present some previous results on dirty systems.
Junctions can also be categorized depending on the realization of the coupling between the supercon-
ducting electrodes. In his original work Josephson considered a tunnel junction, where a thin vacuum or
insulating layer separates the superconductors but still allows for exchange of quasiparticles, as shown
in Fig. 1.8 a). It is also possible to connect the two electrodes via a normal conducting constriction,
which is referred to as a weak link. There are many possibilities of weak links like narrow bridges,
wires or point contacts. Weak links can be further characterized by comparing the minimal width W
of the constriction with the Fermi wavelength λF . When W ∼ λF the contact region hosts only a few
conduction channels. Such system is called a quantum point contact [73, 78]. If W  λF one speaks
of a classic (point) contact [79].
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<latexit sha1_base64="aKLvice/afa/3YGQBSqjoQHy9Ks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvOitBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJ3JjMk=</latexit><latexit sha1_base64="aKLvice/afa/3YGQBSqjoQHy9Ks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvOitBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJ3JjMk=</latexit><latexit sha1_base64="aKLvice/afa/3YGQBSqjoQHy9Ks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvOitBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJ3JjMk=</latexit><latexit sha1_base64="aKLvice/afa/3YGQBSqjoQHy9Ks=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvOitBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJ3JjMk=</latexit>
tunnel junction
<latexit sha1_base64="Qkuo+twcbUZKHeMdOOlxfzEWai8=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgET2E3CHoMePEYwTwgWcLsZJKMmZ1dZnqEuORLvHhQxKuf4s2/cfI4aGJBQ1HVTXdXlEph0Pe/vdzG5tb2Tn63sLd/cFgsHR03TWI14w2WyES3I2q4FIo3UKDk7VRzGkeSt6LxzcxvPXJtRKLucZLyMKZDJQaCUXRSr1REqxSX5MEqtlDKfsWfg6yTYEnKsES9V/rq9hNmY66QSWpMJ/BTDDOqUTDJp4WuNTylbEyHvOOoojE3YTY/fErOndIng0S7Ukjm6u+JjMbGTOLIdcYUR2bVm4n/eR2Lg+swEyq1yBVbLBpYSTAhsxRIX2jOUE4coUwLdythI6opQ5dVwYUQrL68TprVSuBXgrtquXa5jCMPp3AGFxDAFdTgFurQAAYWnuEV3rwn78V79z4WrTlvOXMCf+B9/gAcdpNR</latexit><latexit sha1_base64="Qkuo+twcbUZKHeMdOOlxfzEWai8=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgET2E3CHoMePEYwTwgWcLsZJKMmZ1dZnqEuORLvHhQxKuf4s2/cfI4aGJBQ1HVTXdXlEph0Pe/vdzG5tb2Tn63sLd/cFgsHR03TWI14w2WyES3I2q4FIo3UKDk7VRzGkeSt6LxzcxvPXJtRKLucZLyMKZDJQaCUXRSr1REqxSX5MEqtlDKfsWfg6yTYEnKsES9V/rq9hNmY66QSWpMJ/BTDDOqUTDJp4WuNTylbEyHvOOoojE3YTY/fErOndIng0S7Ukjm6u+JjMbGTOLIdcYUR2bVm4n/eR2Lg+swEyq1yBVbLBpYSTAhsxRIX2jOUE4coUwLdythI6opQ5dVwYUQrL68TprVSuBXgrtquXa5jCMPp3AGFxDAFdTgFurQAAYWnuEV3rwn78V79z4WrTlvOXMCf+B9/gAcdpNR</latexit><latexit sha1_base64="Qkuo+twcbUZKHeMdOOlxfzEWai8=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgET2E3CHoMePEYwTwgWcLsZJKMmZ1dZnqEuORLvHhQxKuf4s2/cfI4aGJBQ1HVTXdXlEph0Pe/vdzG5tb2Tn63sLd/cFgsHR03TWI14w2WyES3I2q4FIo3UKDk7VRzGkeSt6LxzcxvPXJtRKLucZLyMKZDJQaCUXRSr1REqxSX5MEqtlDKfsWfg6yTYEnKsES9V/rq9hNmY66QSWpMJ/BTDDOqUTDJp4WuNTylbEyHvOOoojE3YTY/fErOndIng0S7Ukjm6u+JjMbGTOLIdcYUR2bVm4n/eR2Lg+swEyq1yBVbLBpYSTAhsxRIX2jOUE4coUwLdythI6opQ5dVwYUQrL68TprVSuBXgrtquXa5jCMPp3AGFxDAFdTgFurQAAYWnuEV3rwn78V79z4WrTlvOXMCf+B9/gAcdpNR</latexit><latexit sha1_base64="Qkuo+twcbUZKHeMdOOlxfzEWai8=">AAAB+HicbVDLSgNBEOyNrxgfiXr0MhgET2E3CHoMePEYwTwgWcLsZJKMmZ1dZnqEuORLvHhQxKuf4s2/cfI4aGJBQ1HVTXdXlEph0Pe/vdzG5tb2Tn63sLd/cFgsHR03TWI14w2WyES3I2q4FIo3UKDk7VRzGkeSt6LxzcxvPXJtRKLucZLyMKZDJQaCUXRSr1REqxSX5MEqtlDKfsWfg6yTYEnKsES9V/rq9hNmY66QSWpMJ/BTDDOqUTDJp4WuNTylbEyHvOOoojE3YTY/fErOndIng0S7Ukjm6u+JjMbGTOLIdcYUR2bVm4n/eR2Lg+swEyq1yBVbLBpYSTAhsxRIX2jOUE4coUwLdythI6opQ5dVwYUQrL68TprVSuBXgrtquXa5jCMPp3AGFxDAFdTgFurQAAYWnuEV3rwn78V79z4WrTlvOXMCf+B9/gAcdpNR</latexit>
L ⌧ ⇠0
<latexit sha1_base64="crkEc3BdI974T/mEhepxgCet0b0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCFw8eKtgPaULZbDft0t1N2N2IJfRXePGgiFd/jjf/jZs2B219MPB4b4aZeWHCmTau++2U1tY3NrfK25Wd3b39g+rhUUfHqSK0TWIeq16INeVM0rZhhtNeoigWIafdcHKd+91HqjSL5b2ZJjQQeCRZxAg2Vnq49Tn3n9jAHVRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJsfPENnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpRyZG+fdoyBQlhk8twUQxeysiY6wwMTajig3BW355lXQu6p5b9+4atWajiKMMJ3AK5+DBJTThBlrQBgICnuEV3hzlvDjvzseiteQUM8fwB87nD2CWkBI=</latexit><latexit sha1_base64="crkEc3BdI974T/mEhepxgCet0b0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCFw8eKtgPaULZbDft0t1N2N2IJfRXePGgiFd/jjf/jZs2B219MPB4b4aZeWHCmTau++2U1tY3NrfK25Wd3b39g+rhUUfHqSK0TWIeq16INeVM0rZhhtNeoigWIafdcHKd+91HqjSL5b2ZJjQQeCRZxAg2Vnq49Tn3n9jAHVRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJsfPENnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpRyZG+fdoyBQlhk8twUQxeysiY6wwMTajig3BW355lXQu6p5b9+4atWajiKMMJ3AK5+DBJTThBlrQBgICnuEV3hzlvDjvzseiteQUM8fwB87nD2CWkBI=</latexit><latexit sha1_base64="crkEc3BdI974T/mEhepxgCet0b0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCFw8eKtgPaULZbDft0t1N2N2IJfRXePGgiFd/jjf/jZs2B219MPB4b4aZeWHCmTau++2U1tY3NrfK25Wd3b39g+rhUUfHqSK0TWIeq16INeVM0rZhhtNeoigWIafdcHKd+91HqjSL5b2ZJjQQeCRZxAg2Vnq49Tn3n9jAHVRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJsfPENnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpRyZG+fdoyBQlhk8twUQxeysiY6wwMTajig3BW355lXQu6p5b9+4atWajiKMMJ3AK5+DBJTThBlrQBgICnuEV3hzlvDjvzseiteQUM8fwB87nD2CWkBI=</latexit><latexit sha1_base64="crkEc3BdI974T/mEhepxgCet0b0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCFw8eKtgPaULZbDft0t1N2N2IJfRXePGgiFd/jjf/jZs2B219MPB4b4aZeWHCmTau++2U1tY3NrfK25Wd3b39g+rhUUfHqSK0TWIeq16INeVM0rZhhtNeoigWIafdcHKd+91HqjSL5b2ZJjQQeCRZxAg2Vnq49Tn3n9jAHVRrbt2dA60SryA1KNAaVL/8YUxSQaUhHGvd99zEBBlWhhFOZxU/1TTBZIJHtG+pxILqIJsfPENnVhmiKFa2pEFz9fdEhoXWUxHaToHNWC97ufif109NdBVkTCapoZIsFkUpRyZG+fdoyBQlhk8twUQxeysiY6wwMTajig3BW355lXQu6p5b9+4atWajiKMMJ3AK5+DBJTThBlrQBgICnuEV3hzlvDjvzseiteQUM8fwB87nD2CWkBI=</latexit>
a)
<latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit>
b)
<latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit>
S
<latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit>
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FIGURE 1.8: a) Scheme of a tunnel junction, two superconductors (S) are separated by a thin insu-
lating layer (I) and b) Scheme of a Josephson weak link, a constriction made of a normal conductor
(N) of length L and maximal width W connects two Ss.
Short junctions
For wide planar junctions like a tunneling junction, the width of the contact between the two supercon-
ductors is far above the Fermi wavelength. In that case, Josephson found that the current is sinusoidal











The temperature dependence in the above formula has been determined by Ambegaokar and Baratoff [80].
The critical current jc = max [j(ϕ)] fulfills jcRN = π∆02e , where RN = 1/GN is the normal state re-
sistance of the contact. It is determined by size of the gap and characteristics of the normal state which
reflects once more the fact that the non superconducting barrier is the bottle neck for the Cooper pair
transfer from one side of the junction to the other.
A short and diffusive classic link was treated by Kulik and Omelyanchuk [81] solving the Usadel














and shows a increase of the critical current by a factor of 1.32 when compared to the tunnel junction.
The Josephson current in a ballistic classical superconducting point contact was obtained by the same
authors [79] using the Eilenberger Eq. (1.147). In that case the critical current is twice the value of the







ϕ ∈ [−π, π] . (1.74)
The case of a quantum point contact has been investigated by Beenakker and van Houten within the BdG
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thus it is proportional to number of modes N ≈ A
λ2F
where A is the cross-section of the link. At zero
temperature the result of Bennakker and van Houten is equivalent with the one of Kulik Eq. (1.74), what
demonstrates that the classic result holds also in the quantum limit. The current is proportional to the
normal state conductance which itself is related to the number of open conductance channels. However,
varying the width of the junction in the case of a quantum point contact leads to measurable conductance
steps because of the small amount of modes. This behavior has been confirmed in many experiments,
for example on break junctions [82, 83].
The above results can be linked to the one channel result for short junctions Eq.(1.64). For a general
short link between two superconductors the current will be carried by some number of channels with











where τi is the transmission of each channel. In a tunneling junction all the transmissions are small









and recover the result by Josephson Eq. (1.72). Here we used the relation by Landauer and Büttiker [84],
GN = G0
∑
i τi, where G0 = 2e
2/h, which states that the normal state conductance is the conductance
of each individual channel. The result for a ballistic contact by Bennakker follows by setting τi = 1
for all channels. As mentioned before, to describe dirty weak links it is necessary to include disorder in
the theory. Nevertheless it is possible to model such constrictions with the formula Eq.(1.76) by using a
ensemble of channels determined by a distribution function [85].
Long junctions
The current in a long ballistic weak link was obtained first by Ishii [75] from the quasi classical Green’s
function of the junction constructed from solutions of the BdG equation [74], as we showed in the
previous Sec. 1.2.2. The Andreev reflection amplitudes for electron- and hole-like quasiparticle states in








(E + Ω) eiϕ − (E − Ω) eiΦi (1.78)
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where we Φi = (kei − khi )L is the phase difference between electron- and hole-like quasiparticles in
the i-th conduction channel after passing the junction. Inserting these into the Furusaki-Tsukada for-




















This versatile expression reduces to all previous ballistic short junction limits. At zero temperature and











m is the quasiparticle velocity in transport direction of in the channel i. The
current carried by each channel is inverse proportional to the time that the quasiparticles need to pass
the junction and linearly dependent on the “potential difference” ϕ that drives the supercurrent. This
leads to the characteristic sawtooth shape with jumps at ϕ = (2n + 1)π. For finite temperature and/or
finite back scattering the current phase relationship smears out and one recovers the known sinusoidal
dependence (see Fig. 1.7 b), c) comparable to the tunnel junction case [65].
1.3 Heterostructures involving Ferromagnets
Conventional superconductivity and ferromagnetism are two strongly competing phases of matter. Su-
perconductors are ideal diamagnets and actively expel magnetic fields, which is known as the Meißner-
Ochsenfeld effect [86]. Clearly, screening the external magnetic field, so that it vanishes inside the
superconductor must be energetically favorable. Consequently one can infer that at some critical field
strength one can overcome this energetic advantage so that the superconductivity breaks down. Indeed
There are two mechanisms that lead to a breaking of the Cooper pairs in a conventional superconductor,
due to the presence of a magnetic field, namely the paramagnetic- and the orbital pair breaking effect.
The orbital pair breaking effect is a consequence of the opposite momentum of the electrons forming
the Cooper pairs. From a classical point of view, the Lorentz force, resulting from the movement of
the electrons in the magnetic field, points in opposite direction for each of the paired electrons and tears
them apart.
The paramagnetic pair breaking originates in the opposite spin of the paired electrons. In a magnetic
field, the spins of the electrons will try to align with the magnetic field. Increasing the magnetic field, so
that the corresponding Zeeman energy exceeds the binding energy of the Cooper pair, one of the electrons
will flip the spin eventually and the pair will break. Only taking into account the paramagnetic effect,
the critical field of a superconductor has been determined by Clogston and Chandrasekhar [87, 88] and
is given by Hc = ∆0µB
√
2
at T = 0. Above this limit there are two possibilities for the superconductivity
to survive. The first is the existence of an attractive interaction between electrons of equal spin, like
28
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in triplet superconductors [89]. The other possibility proposed in 1964 by Fulde and Ferrel [90] and
independently by Larkin and Ovchinnikov [91] is that, instead of flipping the spin, the Cooper pairs
acquire a finite center-of-mass momentum. Such state would be characterized by a spatially oscillating
order parameter and was named after its discoverers as the FFLO state. For decades there has been no
evidence for the experimental realization of the FFLO state, and only recently experiments on layered
organic superconductors proved its existence [92, 93].
Heterostructures between superconductors and ferromagnets, represent a unique way of probing the
interplay of both phases. The proximity effect is strongly suppressed due to the exchange splitting of
the bands inside the ferromagnet [21], furthermore the exchange field introduces an additional magnetic
length scale in the system which leads to interference effects between quasiparticles with opposite spin.
The latter leads to the reversal of the critical current in a S/F/S junction [22–26]. In the following we
demonstrate these effects in the ballistic systems studied in Sec. 1.2.1 and Sec. 1.2.2, by replacing the
normal region by a ferromagnet. To model the spin splitting of the bands in the ferromagnet, we consider
the Stoner model, in which the motion of conduction electrons inside the ferromagnet can be described
by an effective single-particle Hamiltonian with an exchange interaction. It is included in our theoretical






c†k,α (σ · h)α,β ck,β (1.81)
to the Hamiltonian HmfBCS (1.7), where we defined h = gµBHex with Hex being the exchange field.
The derivation of the BdG equation for the spin-full case is performed along the same path as shown























The underlined and doubly underlined characters indicate vectors and matrices in spin space respectively.
We defined ξ = H0(x)1̂ − σh and u = (u ↑, u↓)T, v = (v ↑, v↓)T. In the case of singlet pairing the
pairing matrix is given by
∆(x) = iσy∆(x). (1.84)
If the order parameter ∆ is zero one obtains the normal single-particle Hamiltonian to describe a fer-
romagnetic region, whereas setting the exchange field h to zero we describe the superconductor. This
allows to model S/F interfaces. If both parameters are finite we describe the case of a spin-split super-
conductor which we cover in more detail in chapter 2.
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1.3.1 Andreev reflection at the S/F interface
First, we study the influence of a finite exchange field in the normal region on the Andreev reflection at a
S/F interface. As we already demonstrated, Andreev reflection processes are the microscopic explanation
for the sub-gap conductivity at interfaces between normal metals and superconductors. During a Andreev
reflection, a incoming electron with spin up is reflected into a hole of opposite spin. In normal metals,
due to the spin degeneracy of the energy levels, no spin effects occur with the Andreev reflection. In a
ferromagnet, the energy band is split. Plane wave solutions describing quasiparticles from the majority-
and minority-spin Fermi surfaces to a given excitation energy, show a miss-match of the quasiparticle
wave vectors, which is proportional to the energy difference 2h of the bands. The corresponding Andreev
reflection process is shown schematically in Fig. 1.9. The situation of reflections between bands of
different spin is similar to a potential step tunneling problem. Consequently the Andreev scattering at
the superconducting gap is imperfect, not retro-reflective and normal specular backscattering takes place
even at a clean S/F interface. Another way to interpret this is that a incoming electron can not enter the
condensate as there is no partner of exactly opposite spin and momentum at a given excitation energy,
which makes the formation of Cooper pairs less effective.
In the following example of a S/F interface we choose the exchange field finite in the left half space
h(x) = hΘ(−x) and parallel to the z-axis. In the ferromagnet the two spin species are decoupled and
the BdG Hamiltonian is block diagonal. We do not include a normal scattering barrier as we already
know that it suppresses Andreev reflection. The individual subsystems are
Hσψσ(x) =
(
ξ̂ − h(x) σ∆(x)











and labeled by σ =↑, ↓= ±. The kinetic term is given by ξ̂ = − ~22m∂2x − µ +
(~k‖)
2
2m with the chemical
potential µ, that is assumed to be constant in the system. We define a step function like order parameter
∆(x) = ∆Θ(x). The solution of the BdG Eq. (1.85) across the interface for a given energy E and
transverse momentum k‖ obtained as in the previous sections, and leads to the following Ansatz for an





 eike,↑x + r↑ee
 1
0
 e−ike,↑x + r↑eh
 0
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 eiqex + t↑eh
 v
u
 e−iqhx; x > 0, (1.86)

















Chapter 1. Mesoscopic superconductivity
a)
kx
<latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit>
ky
<latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit>
kk
<latexit sha1_base64="yAdA5C39EZZ+weXxp/vNiQznrRQ=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EULuAjWUEEwPJEfY2c8mSvd1jd04IR36GjYUitv4aO/+Nm+QKTXww8Hhvhpl5USqFRd//9kpr6xubW+Xtys7u3v5B9fCobXVmOLS4ltp0ImZBCgUtFCihkxpgSSThMRrfzvzHJzBWaPWAkxTChA2ViAVn6KTuuN9LmWFSguxXa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XykYuAo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDc6SRUg==</latexit><latexit sha1_base64="yAdA5C39EZZ+weXxp/vNiQznrRQ=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EULuAjWUEEwPJEfY2c8mSvd1jd04IR36GjYUitv4aO/+Nm+QKTXww8Hhvhpl5USqFRd//9kpr6xubW+Xtys7u3v5B9fCobXVmOLS4ltp0ImZBCgUtFCihkxpgSSThMRrfzvzHJzBWaPWAkxTChA2ViAVn6KTuuN9LmWFSguxXa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XykYuAo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDc6SRUg==</latexit><latexit sha1_base64="yAdA5C39EZZ+weXxp/vNiQznrRQ=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EULuAjWUEEwPJEfY2c8mSvd1jd04IR36GjYUitv4aO/+Nm+QKTXww8Hhvhpl5USqFRd//9kpr6xubW+Xtys7u3v5B9fCobXVmOLS4ltp0ImZBCgUtFCihkxpgSSThMRrfzvzHJzBWaPWAkxTChA2ViAVn6KTuuN9LmWFSguxXa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XykYuAo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDc6SRUg==</latexit><latexit sha1_base64="yAdA5C39EZZ+weXxp/vNiQznrRQ=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5EULuAjWUEEwPJEfY2c8mSvd1jd04IR36GjYUitv4aO/+Nm+QKTXww8Hhvhpl5USqFRd//9kpr6xubW+Xtys7u3v5B9fCobXVmOLS4ltp0ImZBCgUtFCihkxpgSSThMRrfzvzHJzBWaPWAkxTChA2ViAVn6KTuuN9LmWFSguxXa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XykYuAo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDc6SRUg==</latexit>
F
<latexit sha1_base64="9i+0UkZh3hTgtmJtUEceaK4M/JM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPl7yMwQ==</latexit><latexit sha1_base64="9i+0UkZh3hTgtmJtUEceaK4M/JM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPl7yMwQ==</latexit><latexit sha1_base64="9i+0UkZh3hTgtmJtUEceaK4M/JM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPl7yMwQ==</latexit><latexit sha1_base64="9i+0UkZh3hTgtmJtUEceaK4M/JM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FQTy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOlxl2/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVc6te47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPl7yMwQ==</latexit> S
<latexit sha1_base64="MR1khv+oeV0jmn8ssZKmLxMt5f0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5btB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHq3CMzg==</latexit><latexit sha1_base64="MR1khv+oeV0jmn8ssZKmLxMt5f0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5btB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHq3CMzg==</latexit><latexit sha1_base64="MR1khv+oeV0jmn8ssZKmLxMt5f0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5btB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHq3CMzg==</latexit><latexit sha1_base64="MR1khv+oeV0jmn8ssZKmLxMt5f0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx5btB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHq3CMzg==</latexit>
x = 0
<latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit><latexit sha1_base64="tznBLYlhlEnw2fXq16TpEPhmLo0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYvHivYD2lA220m7dLMJuxuxhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W4+oNI/lgxkn6Ed0IHnIGTVWun+6dnvlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDSz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6qeW/Xuziu1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4A076NdA==</latexit>
kF
<latexit sha1_base64="hlTBQ21z/bclZSklH0F8R/6DxpQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GNBEI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g7HNzO//cS1EYl6xEnKg5gOlYgEo2ilh3H/tl+tea43B1klfkFqUKDRr371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+6pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZn+TgdCcoZxYQpkW9lbCRlRThjadig3BX355lbQuXN9z/fvLWt0t4ijDCZzCOfhwBXW4gwY0gcEQnuEV3hzpvDjvzseiteQUM8fwB87nDxGyjZQ=</latexit><latexit sha1_base64="hlTBQ21z/bclZSklH0F8R/6DxpQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GNBEI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g7HNzO//cS1EYl6xEnKg5gOlYgEo2ilh3H/tl+tea43B1klfkFqUKDRr371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+6pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZn+TgdCcoZxYQpkW9lbCRlRThjadig3BX355lbQuXN9z/fvLWt0t4ijDCZzCOfhwBXW4gwY0gcEQnuEV3hzpvDjvzseiteQUM8fwB87nDxGyjZQ=</latexit><latexit sha1_base64="hlTBQ21z/bclZSklH0F8R/6DxpQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GNBEI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g7HNzO//cS1EYl6xEnKg5gOlYgEo2ilh3H/tl+tea43B1klfkFqUKDRr371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+6pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZn+TgdCcoZxYQpkW9lbCRlRThjadig3BX355lbQuXN9z/fvLWt0t4ijDCZzCOfhwBXW4gwY0gcEQnuEV3hzpvDjvzseiteQUM8fwB87nDxGyjZQ=</latexit><latexit sha1_base64="hlTBQ21z/bclZSklH0F8R/6DxpQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0GNBEI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTjDdZIhPdCanhUijeRIGSd1LNaRxK3g7HNzO//cS1EYl6xEnKg5gOlYgEo2ilh3H/tl+tea43B1klfkFqUKDRr371BgnLYq6QSWpM1/dSDHKqUTDJp5VeZnhK2ZgOeddSRWNugnx+6pScWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo+sgFyrNkCu2WBRlkmBCZn+TgdCcoZxYQpkW9lbCRlRThjadig3BX355lbQuXN9z/fvLWt0t4ijDCZzCOfhwBXW4gwY0gcEQnuEV3hzpvDjvzseiteQUM8fwB87nDxGyjZQ=</latexit>
k"F
<latexit sha1_base64="gpUN+a4x4grKtWlQ0fui5vKxNo4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbB07IrQj0WBPFYwX5Auy3ZNNuGZpMlyVrK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2njet1PY2Nza3inulvb2Dw6PyscnTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wfDv3W09UaSbFo5kmNIjxULCIEWys1Bv3s7tZr5smWCk56ZcrnustgNaJn5MK5Kj3y1/dgSRpTIUhHGvd8b3EBBlWhhFOZ6VuqmmCyRgPacdSgWOqg2xx9QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/8zqpiW6CjIkkNVSQ5aIo5chINI8ADZiixPCpJZgoZm9FZIQVJsYGVbIh+Ksvr5Pmlet7rv9wXam5eRxFOINzuAQfqlCDe6hDAwgoeIZXeHMmzovz7nwsWwtOPnMKf+B8/gACTpLE</latexit><latexit sha1_base64="gpUN+a4x4grKtWlQ0fui5vKxNo4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbB07IrQj0WBPFYwX5Auy3ZNNuGZpMlyVrK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2njet1PY2Nza3inulvb2Dw6PyscnTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wfDv3W09UaSbFo5kmNIjxULCIEWys1Bv3s7tZr5smWCk56ZcrnustgNaJn5MK5Kj3y1/dgSRpTIUhHGvd8b3EBBlWhhFOZ6VuqmmCyRgPacdSgWOqg2xx9QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/8zqpiW6CjIkkNVSQ5aIo5chINI8ADZiixPCpJZgoZm9FZIQVJsYGVbIh+Ksvr5Pmlet7rv9wXam5eRxFOINzuAQfqlCDe6hDAwgoeIZXeHMmzovz7nwsWwtOPnMKf+B8/gACTpLE</latexit><latexit sha1_base64="gpUN+a4x4grKtWlQ0fui5vKxNo4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbB07IrQj0WBPFYwX5Auy3ZNNuGZpMlyVrK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2njet1PY2Nza3inulvb2Dw6PyscnTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wfDv3W09UaSbFo5kmNIjxULCIEWys1Bv3s7tZr5smWCk56ZcrnustgNaJn5MK5Kj3y1/dgSRpTIUhHGvd8b3EBBlWhhFOZ6VuqmmCyRgPacdSgWOqg2xx9QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/8zqpiW6CjIkkNVSQ5aIo5chINI8ADZiixPCpJZgoZm9FZIQVJsYGVbIh+Ksvr5Pmlet7rv9wXam5eRxFOINzuAQfqlCDe6hDAwgoeIZXeHMmzovz7nwsWwtOPnMKf+B8/gACTpLE</latexit><latexit sha1_base64="gpUN+a4x4grKtWlQ0fui5vKxNo4=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbB07IrQj0WBPFYwX5Auy3ZNNuGZpMlyVrK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2njet1PY2Nza3inulvb2Dw6PyscnTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wfDv3W09UaSbFo5kmNIjxULCIEWys1Bv3s7tZr5smWCk56ZcrnustgNaJn5MK5Kj3y1/dgSRpTIUhHGvd8b3EBBlWhhFOZ6VuqmmCyRgPacdSgWOqg2xx9QxdWGWAIqlsCYMW6u+JDMdaT+PQdsbYjPSqNxf/8zqpiW6CjIkkNVSQ5aIo5chINI8ADZiixPCpJZgoZm9FZIQVJsYGVbIh+Ksvr5Pmlet7rv9wXam5eRxFOINzuAQfqlCDe6hDAwgoeIZXeHMmzovz7nwsWwtOPnMKf+B8/gACTpLE</latexit>
k#F
<latexit sha1_base64="iqwbz+IRgqZnbmjhu0EV3uW3ow0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LIgiMsK9gHtOGTSTBuaSYYk01KG/okbF4q49U/c+Tem7Sy09UDgcM493JsTpZxp43nfztr6xubWdmmnvLu3f3DoHh03tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh7cxvjajSTIpHM0lpkOC+YDEj2FgpdN1hmN9Nn7o9ORZYKTkO3YpX9eZAq8QvSAUK1EP3y4ZJllBhCMdad3wvNUGOlWGE02m5m2maYjLEfdqxVOCE6iCfXz5F51bpoVgq+4RBc/V3IseJ1pMkspMJNgO97M3E/7xOZuKbIGcizQwVZLEozjgyEs1qQD2mKDF8YgkmitlbERlghYmxZZVtCf7yl1dJ87Lqe1X/4apSqxZ1lOAUzuACfLiGGtxDHRpAYATP8ApvTu68OO/Ox2J0zSkyJ/AHzucPD7mT3A==</latexit><latexit sha1_base64="iqwbz+IRgqZnbmjhu0EV3uW3ow0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LIgiMsK9gHtOGTSTBuaSYYk01KG/okbF4q49U/c+Tem7Sy09UDgcM493JsTpZxp43nfztr6xubWdmmnvLu3f3DoHh03tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh7cxvjajSTIpHM0lpkOC+YDEj2FgpdN1hmN9Nn7o9ORZYKTkO3YpX9eZAq8QvSAUK1EP3y4ZJllBhCMdad3wvNUGOlWGE02m5m2maYjLEfdqxVOCE6iCfXz5F51bpoVgq+4RBc/V3IseJ1pMkspMJNgO97M3E/7xOZuKbIGcizQwVZLEozjgyEs1qQD2mKDF8YgkmitlbERlghYmxZZVtCf7yl1dJ87Lqe1X/4apSqxZ1lOAUzuACfLiGGtxDHRpAYATP8ApvTu68OO/Ox2J0zSkyJ/AHzucPD7mT3A==</latexit><latexit sha1_base64="iqwbz+IRgqZnbmjhu0EV3uW3ow0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LIgiMsK9gHtOGTSTBuaSYYk01KG/okbF4q49U/c+Tem7Sy09UDgcM493JsTpZxp43nfztr6xubWdmmnvLu3f3DoHh03tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh7cxvjajSTIpHM0lpkOC+YDEj2FgpdN1hmN9Nn7o9ORZYKTkO3YpX9eZAq8QvSAUK1EP3y4ZJllBhCMdad3wvNUGOlWGE02m5m2maYjLEfdqxVOCE6iCfXz5F51bpoVgq+4RBc/V3IseJ1pMkspMJNgO97M3E/7xOZuKbIGcizQwVZLEozjgyEs1qQD2mKDF8YgkmitlbERlghYmxZZVtCf7yl1dJ87Lqe1X/4apSqxZ1lOAUzuACfLiGGtxDHRpAYATP8ApvTu68OO/Ox2J0zSkyJ/AHzucPD7mT3A==</latexit><latexit sha1_base64="iqwbz+IRgqZnbmjhu0EV3uW3ow0=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjMi6LIgiMsK9gHtOGTSTBuaSYYk01KG/okbF4q49U/c+Tem7Sy09UDgcM493JsTpZxp43nfztr6xubWdmmnvLu3f3DoHh03tcwUoQ0iuVTtCGvKmaANwwyn7VRRnESctqLh7cxvjajSTIpHM0lpkOC+YDEj2FgpdN1hmN9Nn7o9ORZYKTkO3YpX9eZAq8QvSAUK1EP3y4ZJllBhCMdad3wvNUGOlWGE02m5m2maYjLEfdqxVOCE6iCfXz5F51bpoVgq+4RBc/V3IseJ1pMkspMJNgO97M3E/7xOZuKbIGcizQwVZLEozjgyEs1qQD2mKDF8YgkmitlbERlghYmxZZVtCf7yl1dJ87Lqe1X/4apSqxZ1lOAUzuACfLiGGtxDHRpAYATP8ApvTu68OO/Ox2J0zSkyJ/AHzucPD7mT3A==</latexit>
incoming
<latexit sha1_base64="9J4Fcci54/AEzL+FDgmMAM4udtI=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv249zdMyEX/oSNhcbY+nfs/DcucIWCL5nk5b2ZzMyLU86M9f1vr7S1vbO7V96vHBweHZ9UT886RmWa0JAornQvxoZyJmlomeW0l2qKRcxpN57eLvzuE9WGKflgZymNBB5LljCCrZN6TBIlmBwPqzW/4S+BNklQkBoUaA+rX4ORIpmg0hKOjekHfmqjHGvLCKfzyiAzNMVkise076jEgpooX947R1dOGaFEaVfSoqX6eyLHwpiZiF2nwHZi1r2F+J/Xz2xyE+VMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFYf3mTdJqNwG8E981aq17EUYYLuIQ6BHANLbiDNoRAgMMzvMKb9+i9eO/ex6q15BUz5/AH3ucPQZyQAg==</latexit><latexit sha1_base64="9J4Fcci54/AEzL+FDgmMAM4udtI=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv249zdMyEX/oSNhcbY+nfs/DcucIWCL5nk5b2ZzMyLU86M9f1vr7S1vbO7V96vHBweHZ9UT886RmWa0JAornQvxoZyJmlomeW0l2qKRcxpN57eLvzuE9WGKflgZymNBB5LljCCrZN6TBIlmBwPqzW/4S+BNklQkBoUaA+rX4ORIpmg0hKOjekHfmqjHGvLCKfzyiAzNMVkise076jEgpooX947R1dOGaFEaVfSoqX6eyLHwpiZiF2nwHZi1r2F+J/Xz2xyE+VMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFYf3mTdJqNwG8E981aq17EUYYLuIQ6BHANLbiDNoRAgMMzvMKb9+i9eO/ex6q15BUz5/AH3ucPQZyQAg==</latexit><latexit sha1_base64="9J4Fcci54/AEzL+FDgmMAM4udtI=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv249zdMyEX/oSNhcbY+nfs/DcucIWCL5nk5b2ZzMyLU86M9f1vr7S1vbO7V96vHBweHZ9UT886RmWa0JAornQvxoZyJmlomeW0l2qKRcxpN57eLvzuE9WGKflgZymNBB5LljCCrZN6TBIlmBwPqzW/4S+BNklQkBoUaA+rX4ORIpmg0hKOjekHfmqjHGvLCKfzyiAzNMVkise076jEgpooX947R1dOGaFEaVfSoqX6eyLHwpiZiF2nwHZi1r2F+J/Xz2xyE+VMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFYf3mTdJqNwG8E981aq17EUYYLuIQ6BHANLbiDNoRAgMMzvMKb9+i9eO/ex6q15BUz5/AH3ucPQZyQAg==</latexit><latexit sha1_base64="9J4Fcci54/AEzL+FDgmMAM4udtI=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGhInc0WpLYWGLiAQlcyN6yBxv249zdMyEX/oSNhcbY+nfs/DcucIWCL5nk5b2ZzMyLU86M9f1vr7S1vbO7V96vHBweHZ9UT886RmWa0JAornQvxoZyJmlomeW0l2qKRcxpN57eLvzuE9WGKflgZymNBB5LljCCrZN6TBIlmBwPqzW/4S+BNklQkBoUaA+rX4ORIpmg0hKOjekHfmqjHGvLCKfzyiAzNMVkise076jEgpooX947R1dOGaFEaVfSoqX6eyLHwpiZiF2nwHZi1r2F+J/Xz2xyE+VMppmlkqwWJRlHVqHF82jENCWWzxzBRDN3KyITrDGxLqKKCyFYf3mTdJqNwG8E981aq17EUYYLuIQ6BHANLbiDNoRAgMMzvMKb9+i9eO/ex6q15BUz5/AH3ucPQZyQAg==</latexit>
majority
<latexit sha1_base64="qbVV1TZ7U0aFWOHv9pYvYv7ayaE=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAipwm4aLQM2lhHMA5IlzE5mkzHzWGdmhWXJT9hYKGLr79j5N06SLTTxwMDhnHu5c06UcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajaY3c7/7RLVhSt7bLKGhwGPJYkawdVJP4Aelmc2Glapf9xdA6yQoSBUKtIaVr8FIkVRQaQnHxvQDP7FhjrVlhNNZeZAammAyxWPad1RiQU2YL/47Q5dOGaFYafekRQv190aOhTGZiNykwHZiVr25+J/XT218HeZMJqmlkiwPxSlHVqF5eDRimhLLM0cwcbkZQWSCNSbWVVR2JQSrkddJp1EP/Hpw16g2a0UdJTiHC6hBAFfQhFtoQRsIcHiGV3jzHr0X7937WI5ueMXOGfyB9/kDao6QHQ==</latexit><latexit sha1_base64="qbVV1TZ7U0aFWOHv9pYvYv7ayaE=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAipwm4aLQM2lhHMA5IlzE5mkzHzWGdmhWXJT9hYKGLr79j5N06SLTTxwMDhnHu5c06UcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajaY3c7/7RLVhSt7bLKGhwGPJYkawdVJP4Aelmc2Glapf9xdA6yQoSBUKtIaVr8FIkVRQaQnHxvQDP7FhjrVlhNNZeZAammAyxWPad1RiQU2YL/47Q5dOGaFYafekRQv190aOhTGZiNykwHZiVr25+J/XT218HeZMJqmlkiwPxSlHVqF5eDRimhLLM0cwcbkZQWSCNSbWVVR2JQSrkddJp1EP/Hpw16g2a0UdJTiHC6hBAFfQhFtoQRsIcHiGV3jzHr0X7937WI5ueMXOGfyB9/kDao6QHQ==</latexit><latexit sha1_base64="qbVV1TZ7U0aFWOHv9pYvYv7ayaE=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAipwm4aLQM2lhHMA5IlzE5mkzHzWGdmhWXJT9hYKGLr79j5N06SLTTxwMDhnHu5c06UcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajaY3c7/7RLVhSt7bLKGhwGPJYkawdVJP4Aelmc2Glapf9xdA6yQoSBUKtIaVr8FIkVRQaQnHxvQDP7FhjrVlhNNZeZAammAyxWPad1RiQU2YL/47Q5dOGaFYafekRQv190aOhTGZiNykwHZiVr25+J/XT218HeZMJqmlkiwPxSlHVqF5eDRimhLLM0cwcbkZQWSCNSbWVVR2JQSrkddJp1EP/Hpw16g2a0UdJTiHC6hBAFfQhFtoQRsIcHiGV3jzHr0X7937WI5ueMXOGfyB9/kDao6QHQ==</latexit><latexit sha1_base64="qbVV1TZ7U0aFWOHv9pYvYv7ayaE=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAipwm4aLQM2lhHMA5IlzE5mkzHzWGdmhWXJT9hYKGLr79j5N06SLTTxwMDhnHu5c06UcGas7397G5tb2zu7pb3y/sHh0XHl5LRjVKoJbRPFle5F2FDOJG1bZjntJZpiEXHajaY3c7/7RLVhSt7bLKGhwGPJYkawdVJP4Aelmc2Glapf9xdA6yQoSBUKtIaVr8FIkVRQaQnHxvQDP7FhjrVlhNNZeZAammAyxWPad1RiQU2YL/47Q5dOGaFYafekRQv190aOhTGZiNykwHZiVr25+J/XT218HeZMJqmlkiwPxSlHVqF5eDRimhLLM0cwcbkZQWSCNSbWVVR2JQSrkddJp1EP/Hpw16g2a0UdJTiHC6hBAFfQhFtoQRsIcHiGV3jzHr0X7937WI5ueMXOGfyB9/kDao6QHQ==</latexit>
spin electron
<latexit sha1_base64="fCtpq2z3LtOpWy7xR4FjYSg6UoI=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhBShbs0WgZsLCOYD0iOsLeZS5bs7Z67e4EQ8jtsLBSx9cfY+W/cJFdo4oOBx3szzMyLUsGN9f1vb2t7Z3dvv3BQPDw6PjktnZ23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsZ3C789QW24ko92mmKY0KHkMWfUOik0KZcEBTKrleyXyn7VX4JskiAnZcjR6Je+egPFsgSlZYIa0w381IYzqi1nAufFXmYwpWxMh9h1VNIETThbHj0n104ZkFhpV9KSpfp7YkYTY6ZJ5DoTakdm3VuI/3ndzMa34YzLNLMo2WpRnAliFVkkQAZcu3/F1BHKNHe3EjaimjLrciq6EIL1lzdJq1YN/GrwUCvXK3kcBbiEK6hAADdQh3toQBMYPMEzvMKbN/FevHfvY9W65eUzF/AH3ucP6CWSFg==</latexit><latexit sha1_base64="fCtpq2z3LtOpWy7xR4FjYSg6UoI=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhBShbs0WgZsLCOYD0iOsLeZS5bs7Z67e4EQ8jtsLBSx9cfY+W/cJFdo4oOBx3szzMyLUsGN9f1vb2t7Z3dvv3BQPDw6PjktnZ23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsZ3C789QW24ko92mmKY0KHkMWfUOik0KZcEBTKrleyXyn7VX4JskiAnZcjR6Je+egPFsgSlZYIa0w381IYzqi1nAufFXmYwpWxMh9h1VNIETThbHj0n104ZkFhpV9KSpfp7YkYTY6ZJ5DoTakdm3VuI/3ndzMa34YzLNLMo2WpRnAliFVkkQAZcu3/F1BHKNHe3EjaimjLrciq6EIL1lzdJq1YN/GrwUCvXK3kcBbiEK6hAADdQh3toQBMYPMEzvMKbN/FevHfvY9W65eUzF/AH3ucP6CWSFg==</latexit><latexit sha1_base64="fCtpq2z3LtOpWy7xR4FjYSg6UoI=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhBShbs0WgZsLCOYD0iOsLeZS5bs7Z67e4EQ8jtsLBSx9cfY+W/cJFdo4oOBx3szzMyLUsGN9f1vb2t7Z3dvv3BQPDw6PjktnZ23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsZ3C789QW24ko92mmKY0KHkMWfUOik0KZcEBTKrleyXyn7VX4JskiAnZcjR6Je+egPFsgSlZYIa0w381IYzqi1nAufFXmYwpWxMh9h1VNIETThbHj0n104ZkFhpV9KSpfp7YkYTY6ZJ5DoTakdm3VuI/3ndzMa34YzLNLMo2WpRnAliFVkkQAZcu3/F1BHKNHe3EjaimjLrciq6EIL1lzdJq1YN/GrwUCvXK3kcBbiEK6hAADdQh3toQBMYPMEzvMKbN/FevHfvY9W65eUzF/AH3ucP6CWSFg==</latexit><latexit sha1_base64="fCtpq2z3LtOpWy7xR4FjYSg6UoI=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhBShbs0WgZsLCOYD0iOsLeZS5bs7Z67e4EQ8jtsLBSx9cfY+W/cJFdo4oOBx3szzMyLUsGN9f1vb2t7Z3dvv3BQPDw6PjktnZ23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsZ3C789QW24ko92mmKY0KHkMWfUOik0KZcEBTKrleyXyn7VX4JskiAnZcjR6Je+egPFsgSlZYIa0w381IYzqi1nAufFXmYwpWxMh9h1VNIETThbHj0n104ZkFhpV9KSpfp7YkYTY6ZJ5DoTakdm3VuI/3ndzMa34YzLNLMo2WpRnAliFVkkQAZcu3/F1BHKNHe3EjaimjLrciq6EIL1lzdJq1YN/GrwUCvXK3kcBbiEK6hAADdQh3toQBMYPMEzvMKbN/FevHfvY9W65eUzF/AH3ucP6CWSFg==</latexit>
Andreev
<latexit sha1_base64="ygI5HyoVfzKwSVV2FITqT28t6m0=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLCibRc9Ijx4hETARNoyHY7hQ3bbbO7JSENP8KLB43x6u/x5r9xgR4UfMkkL+/NZGZekAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhL1FFCNgkvsGG4EPqUKaRwI7AWTu4Xfm6LSPJGPZpaiH9OR5BFn1FipdytDhTgdVmtuw12CbBKvIDUo0B5WvwZhwrIYpWGCat333NT4OVWGM4HzyiDTmFI2oSPsWyppjNrPl+fOyZVVQhIlypY0ZKn+nshprPUsDmxnTM1Yr3sL8T+vn5noxs+5TDODkq0WRZkgJiGL30nIFTIjZpZQpri9lbAxVZQZm1DFhuCtv7xJus2G5za8h2atVS/iKMMFXEIdPLiGFtxDGzrAYALP8ApvTuq8OO/Ox6q15BQz5/AHzucPP/2PaQ==</latexit><latexit sha1_base64="ygI5HyoVfzKwSVV2FITqT28t6m0=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLCibRc9Ijx4hETARNoyHY7hQ3bbbO7JSENP8KLB43x6u/x5r9xgR4UfMkkL+/NZGZekAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhL1FFCNgkvsGG4EPqUKaRwI7AWTu4Xfm6LSPJGPZpaiH9OR5BFn1FipdytDhTgdVmtuw12CbBKvIDUo0B5WvwZhwrIYpWGCat333NT4OVWGM4HzyiDTmFI2oSPsWyppjNrPl+fOyZVVQhIlypY0ZKn+nshprPUsDmxnTM1Yr3sL8T+vn5noxs+5TDODkq0WRZkgJiGL30nIFTIjZpZQpri9lbAxVZQZm1DFhuCtv7xJus2G5za8h2atVS/iKMMFXEIdPLiGFtxDGzrAYALP8ApvTuq8OO/Ox6q15BQz5/AHzucPP/2PaQ==</latexit><latexit sha1_base64="ygI5HyoVfzKwSVV2FITqT28t6m0=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLCibRc9Ijx4hETARNoyHY7hQ3bbbO7JSENP8KLB43x6u/x5r9xgR4UfMkkL+/NZGZekAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhL1FFCNgkvsGG4EPqUKaRwI7AWTu4Xfm6LSPJGPZpaiH9OR5BFn1FipdytDhTgdVmtuw12CbBKvIDUo0B5WvwZhwrIYpWGCat333NT4OVWGM4HzyiDTmFI2oSPsWyppjNrPl+fOyZVVQhIlypY0ZKn+nshprPUsDmxnTM1Yr3sL8T+vn5noxs+5TDODkq0WRZkgJiGL30nIFTIjZpZQpri9lbAxVZQZm1DFhuCtv7xJus2G5za8h2atVS/iKMMFXEIdPLiGFtxDGzrAYALP8ApvTuq8OO/Ox6q15BQz5/AHzucPP/2PaQ==</latexit><latexit sha1_base64="ygI5HyoVfzKwSVV2FITqT28t6m0=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLCibRc9Ijx4hETARNoyHY7hQ3bbbO7JSENP8KLB43x6u/x5r9xgR4UfMkkL+/NZGZekAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhL1FFCNgkvsGG4EPqUKaRwI7AWTu4Xfm6LSPJGPZpaiH9OR5BFn1FipdytDhTgdVmtuw12CbBKvIDUo0B5WvwZhwrIYpWGCat333NT4OVWGM4HzyiDTmFI2oSPsWyppjNrPl+fOyZVVQhIlypY0ZKn+nshprPUsDmxnTM1Yr3sL8T+vn5noxs+5TDODkq0WRZkgJiGL30nIFTIjZpZQpri9lbAxVZQZm1DFhuCtv7xJus2G5za8h2atVS/iKMMFXEIdPLiGFtxDGzrAYALP8ApvTuq8OO/Ox6q15BQz5/AHzucPP/2PaQ==</latexit>
reflected
<latexit sha1_base64="EN2D+1h5v/mB6Uex3wLWV2f/s+c=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovQVUm60WXBjcsK9iFtKJPJTTt0MgkzE6GEfoUbF4q49XPc+TdO2yy09cDA4Zx7mXtOkAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhLVD6hGwSV2DDcC+6lCGgcCe8H0duH3nlBpnsgHM0vRj+lY8ogzaqz0qDASyAyGo2rNbbhLkE3iFaQGBdqj6tcwTFgWozRMUK0HnpsaP6fKcCZwXhlmGlPKpnSMA0sljVH7+fLgObmySkiiRNknDVmqvzdyGms9iwM7GVMz0eveQvzPG2QmuvFzLtPMoGSrj6JMEJOQRXoScmXjipkllClubyVsQhW1FShdsSV465E3SbfZ8NyGd9+stepFHWW4gEuogwfX0II7aEMHGMTwDK/w5ijnxXl3PlajJafYOYc/cD5/APIukGY=</latexit><latexit sha1_base64="EN2D+1h5v/mB6Uex3wLWV2f/s+c=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovQVUm60WXBjcsK9iFtKJPJTTt0MgkzE6GEfoUbF4q49XPc+TdO2yy09cDA4Zx7mXtOkAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhLVD6hGwSV2DDcC+6lCGgcCe8H0duH3nlBpnsgHM0vRj+lY8ogzaqz0qDASyAyGo2rNbbhLkE3iFaQGBdqj6tcwTFgWozRMUK0HnpsaP6fKcCZwXhlmGlPKpnSMA0sljVH7+fLgObmySkiiRNknDVmqvzdyGms9iwM7GVMz0eveQvzPG2QmuvFzLtPMoGSrj6JMEJOQRXoScmXjipkllClubyVsQhW1FShdsSV465E3SbfZ8NyGd9+stepFHWW4gEuogwfX0II7aEMHGMTwDK/w5ijnxXl3PlajJafYOYc/cD5/APIukGY=</latexit><latexit sha1_base64="EN2D+1h5v/mB6Uex3wLWV2f/s+c=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovQVUm60WXBjcsK9iFtKJPJTTt0MgkzE6GEfoUbF4q49XPc+TdO2yy09cDA4Zx7mXtOkAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhLVD6hGwSV2DDcC+6lCGgcCe8H0duH3nlBpnsgHM0vRj+lY8ogzaqz0qDASyAyGo2rNbbhLkE3iFaQGBdqj6tcwTFgWozRMUK0HnpsaP6fKcCZwXhlmGlPKpnSMA0sljVH7+fLgObmySkiiRNknDVmqvzdyGms9iwM7GVMz0eveQvzPG2QmuvFzLtPMoGSrj6JMEJOQRXoScmXjipkllClubyVsQhW1FShdsSV465E3SbfZ8NyGd9+stepFHWW4gEuogwfX0II7aEMHGMTwDK/w5ijnxXl3PlajJafYOYc/cD5/APIukGY=</latexit><latexit sha1_base64="EN2D+1h5v/mB6Uex3wLWV2f/s+c=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovQVUm60WXBjcsK9iFtKJPJTTt0MgkzE6GEfoUbF4q49XPc+TdO2yy09cDA4Zx7mXtOkAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW1UmmGHZYIhLVD6hGwSV2DDcC+6lCGgcCe8H0duH3nlBpnsgHM0vRj+lY8ogzaqz0qDASyAyGo2rNbbhLkE3iFaQGBdqj6tcwTFgWozRMUK0HnpsaP6fKcCZwXhlmGlPKpnSMA0sljVH7+fLgObmySkiiRNknDVmqvzdyGms9iwM7GVMz0eveQvzPG2QmuvFzLtPMoGSrj6JMEJOQRXoScmXjipkllClubyVsQhW1FShdsSV465E3SbfZ8NyGd9+stepFHWW4gEuogwfX0II7aEMHGMTwDK/w5ijnxXl3PlajJafYOYc/cD5/APIukGY=</latexit>
hole
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FIGURE 1.9: a) Possible propagating quasiparticle solutions for given excitation energyE > ∆ and
transverse momentum k‖ at a S/F interface. The Andreev reflection is not perfectly retroreflective
due to the exchange splitting of the bands in the F. b) Differential conductance for a single channel
FS interface varying the exchange field h̄ = h/µ at T = 0.
where we defined the effective Fermi momentum kF,x = µ − (
~k‖)
2
2m . The probability amplitudes for
each process are obtained by solving the resulting system of equations from demanding continuity of
the wave-function and its derivative at x = 0. This gives the following expression for the normal and















































with h̄ = h
µ cos2 ϑ
. The coefficients in case of an incident electron of opposite spin are obtained from
the ones above by substituting ↑ ↔ ↓. For vanishing exchange field k̄e,↑ = k̄h,↓ = 1 and the normal
reflection amplitude ree = 0, so clearly the exchange splitting introduces normal reflection to the system.




|rσeh|2 and Rσee = |rσee|2, (1.91)
respectively. Note that the prefactor of the Andreev reflection probability accounts for the different group
velocities of electron and hole solutions in the ferromagnet. As for the N/S interface we can calculate
the differential conductivity of the interface by using the extension of the BTK formula to the spin-full
case. The differential conductance for a single mode in the case of direct incidence kF,x = kF is given
31









(1 +Rσeh (eV )−Rσee (eV )) (1.92)
where we have normalized it by the normal state conductance. The conductivity for small bias voltage
and different values of the exchange field is shown in Fig. 1.9 b), and is clearly reduced compared to the
zero field case.
1.3.2 S/F/S junction and current reversal
We will now study the reversal of the critical Josephson current due to the presence of the exchange
field, which is usually called a 0-π transition. The name refers to the change of the ground state of the
system that is found by minimizing the Free energy with respect to the phase difference ϕ between the
superconductors, as previously shown in Sec. 1.2.2.
For the S/N/S junction, the minimum of the Free energy is always at ϕ = 0 and such junction are
called 0-junctions. In a S/F/S junction the ferromagnet introduces a difference of the wave vectors
between spin-up and spin-down quasiparticles, corresponding to a new magnetic length scale on which
quasiparticle wave functions from different spin sectors oscillate and interfere. From another point of
view this is the equivalent to oscillations of the pair correlations that penetrate the ferromagnet from the
superconductors. Depending on the length of the junction and the strength of the exchange field these
oscillations can result in a additional π phase-shift between the ground state wave functions of the two
superconducting leads. Consequently the global minimum of the Free energy of the system will shift
from 0 to π as function of ϕ. According to the thermodynamical relation Eq. (1.60) such a shift will
result in a reversal of the critical current.
Let us go back to the microscopic picture where a Cooper pair from the condensate on one side of
the junction absorbs a incoming hole, simultaneously releasing an electron into the normal region (see
Fig. 1.6). For the bound state formation there are now four distinct possibilities, we can start an electron
or hole in the left, either in a spin up or spin down state. Constructing the wave functions for the possible
bound states, only considering Andreev reflection processes for simplicity (Andreev approximation),






± arccos E|∆| + πn
)
− σh; n ∈ Z. (1.93)
If the exchange field/Zeeman splitting is of the same magnitude as the excitation energy, for a short
junction (d→ 0) we can neglect it and we obtain the result for a clean S-N-S junction. If the excitation
energies around the gap energy and ∆  h, for short junctions when Lξ0 → 0 the term
LE
~vF goes much
faster to zero than Lh~vF and we can set the lefthand side of Eq.(1.93) to zero. The resulting four branches
of the bound state energies are
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FIGURE 1.10: Panel a) shows Andreev bound state spectra and panel b) the Josephson current as
function of the phase difference ϕ for different values of junction lengths L with respect to the
magnetic decay length ξh. From left to right the junction changes its ground state from a 0-state
to a π-state. Panel c) shows the contribution of the Andreev bound states to the Free energy of the
system as function of η varying ϕ from left to right. All plots are for temperature T = 0.
and we introduced the ballistic magnetic decay length ξh.
The exchange field in the intermediate region causes a spin dependent phase shift of the bound state






















which is depicted in Fig. 1.10 b) for different values of η. There we also plot the free energy contribution
from the bound states FBS as function of the phase shift η for different values of ϕ. Clearly, the global
minimum of the free energy shifts from ϕ = 0 to ϕ = π when η approaches π, which is accompanied
by a reversal of the current phase relationship. Comparing the energy of the 0-state with the energy of
the π-state in Fig. 1.10 c) one can deduce that the π state is the ground state of the system whenever
π/2 < |η mod 2π| < 3/2π, thus in principle we get a repeated switching of the current by increasing
the exchange interaction continuously. We need to keep in mind though that due to introduced approxi-
mations we neglected the normal scattering which is strongly enhanced by increasing the exchange field,
and therefore will lower the critical Josephson current.
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1.4 Quasi-classical theory for superconducting systems
In this section we derive quasi-classic transport like (Boltzman-like) equations for superconducting sys-
tems with linear in momentum spin-orbit coupling fields. We start from the Gor’kov equations and
include spin-orbit coupling by a SU(2) gauge covariant formulation of the latter. In contrast to the
Bogoliubov-de Gennes formalism, the quasi-classical equations can be extended to describe disorder,
however they are not suited to deal with inhomogeneous systems straightaway. We simplify them us-
ing the fact that in conventional superconducting systems, the typical excitation energies are very small
against the Fermi energy, which leads us to the Eilenberger equation. The Eilenberger equation can be
further simplified in the so-called dirty limit, when the mean free path of the system is much smaller
then the coherence length. Collisions between quasiparticles are so frequent that the system appears
to be almost isotropic in momentum space. Thus the Green’s function of the system has only a weak
dependence on the momentum direction, which leads us to the Usadel equation.
1.4.1 Quantum phase space dynamics and Wigner transformation
In classical many-particle physics the Boltzmann equation describes the dynamics of the phase-space
distribution function f(r,p, t). In quantum mechanics, the coordinates r and p are replaced by hermi-
tian operators which have to obey the Heisenberg uncertainty principle and are thus not known exactly
simultanously. To obtain a phase-space like formulation of many body quantum mechanics it is neces-
sary to determine the quantum mechanical correspondent object to the phase-space distribution function.
We will now link the Green’s functions to the so-called Wigner function which is obtained by a mixed
coordinate Fourier transformation. Here, we demonstrate that the Wigner function shows some similar-
ities to a particle density in phase space, which will motivate the Wigner transformation of the Gor’kov
equation in the following sections.
We start from the lesser Green’s function G< (ξ1, ξ2) = i〈ψ† (x2, t2)ψ (x1, t1)〉 which describes the
probability amplitude for a particle to be found at point ξ1 when initially at ξ2. To change to a momentum
space representation of the Green’s function we have to perform a Fourier transformation for the field
















Applying a Fourier transform with respect to the relative coordinates,




dte−ipr/~eiωtG< (r, t,x, T ) (1.98)
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and defining the Wigner function as







f(p,Ω,x, T ) = −iG< (r = 0, t = 0,x, T ) = 〈ψ† (x, T )ψ (x, T )〉 (1.100)



































ψ† (x2, T )ψ (x1, T )
〉
= 〈ψ† (p, T )ψ (p, T )〉 (1.101)
which is the particle density in momentum space. This suggests the interpretation as phase space distri-
bution. However, the defined quantity can be negative in contrast to the classical phase space distribution
function, thus this analogy is not fully true.
Our goal is to derive a transport-like equation for the quantum analogon of the phase space distribution,
but unlike in the above example, we want to keep the time dependence intact. Therefore we apply the
mixed coordinate Fourier transformation with respect to the relative spatial difference r, which is referred
to as Wigner transformation [95, 96]. As an example, the Wigner transformed lesser Green-Gor’kov
Eq.(1.30) reads
G (p,x, t1, t2) =
∫
dre−ipr/~G (r,x, t1, t2) . (1.102)
1.4.2 Gradient expansion and quasi-classical transport equation
We now derive the quasi-classical transport equation from an quasi-classical expansion of the Wigner
transformed Green-Gor’kov equation. The Wigner transformed Gor’kov Eq. (1.36) reads (unaltered














G (p,x) = δ(t1, t2). (1.103)
This implies that the Wigner transformation is implying transformation of the operators p̂→ p−i~∂x/2
and x̂ → x + i~∂p/2 which is called a Bopp-substitution [96]. For the other Gor’kov equation where
















= δ(t1, t2). (1.104)
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We now perform a quasi-classical expansion of the two equations, i.e. an expansion up to first order in
~/(pcxc) with pc and xc as the characteristic momentum and characteristic length scale of the system.
The characteristic momentum of the superconductor is the Fermi momentum pF and the characteris-







which is the case in conventional superconductors where the gap energy is usually much smaller then
the Fermi energy. Expanding up to first order yields the following two equations,[





∂pξ ∂xG (p,x) +
i~
2
∂x∆ ∂pG (p,x) ≈ δ(t1, t2), (1.106)
G (p,x)
[




∂xG (p,x) ∂pξ −
i~
2
∂pG (p,x) ∂x∆ ≈ δ(t1, t2). (1.107)
The transport like equation is obtained by subtracting Eqs.(1.106) and (1.107) which gives
i~ (τ3∂t1G + ∂t2Gτ3) +
i~
2
{∂pξ, ∂xG} − [ξ −∆,G] +
i~
2
{∂x∆, ∂pG} = 0. (1.108)
This equation together with the sum of Eqs. (1.106) and (1.107) are the starting point of quasi-classical
transport theory in superconductors. An convenient and equivalent way to obtain these expressions is by
using the Moyal product [97], also referred to as gradient expansion. We denote the Wigner transform





= G−10 (p,x) ?G (p,x) (1.109)









This formula is valid for any product of operators and we will use it in the following section, where we
generalize the obtained transport Eq. (1.108) to include interactions with spin fields.
1.4.3 Gauge covariant Gor’kov equation
In this section we obtain the gauge covariant formulation of the Gor’kov equation with respect to local
U(1) and SU(2) gauge transformations. The corresponding gauge fields can be interpreted as coupling to
electromagnetic and spin-fields respectively. This will allow us to extend the transport formalism from
Sec. 1.4.2 to matter-field interactions.
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The Hamiltonian HBCS is invariant under local U(1) and SU(2) gauge transformations which are equiv-
alent to a local change of phase by α(x) where x is some spacetime point:
Ψ(x) 7→ eiα(x)Ψ(x); Ψ†(x) 7→ e−iα(x)Ψ†(x), (1.111)
or a local spin rotation around the axis n(x) by angle β(x):
Ψ(x) 7→ einσβΨ(x); Ψ†(x) 7→ Ψ†(x)e−inσβ. (1.112)
The superconducting interaction part HBCS of the Hamiltonian contains pairs of daggered and undag-
gered operators, thus the U(1) invariance is easy to show. For the SU(2) invariance we assume that the
rotation in spin space can be decomposed into subsequent rotations
einσβ = eiσ1X(β)eiσ2Y (β)eiσ3Z(β) (1.113)













and the gauge invariance is demonstrated.
We will here generically denote gauge transformations as mappings with the unitary operator U(ξ) in the
case of an Abelian, as well as non-Abelian gauge field. Under a gauge transformation the field operator
transform like Ψ(ξ) 7→ U(ξ)Ψ(ξ), Ψ†(ξ) 7→ U(ξ)†Ψ†(ξ) and consequently the Green Gor’kov matrix
equation transforms as
G (ξ1, ξ2) 7→ U(ξ1)G (ξ1, ξ2) U†(ξ2); with U(ξ) =
(
U(ξ) 0
0 T U(ξ)T −1
)
. (1.115)
Inserting the gauge transformed Green-Gor’kov matrix into the Gor’kov equation, the differential op-
erators in the Gor’kov equation will also act onto the local transformation U(ξ). In order to make the
Gor’kov equation gauge covariant we need to cancel the additional appearing terms. Therefore we define
the covariant derivative D (ξ) = ∂ξ − iA(ξ) introducing a generic gauge field A which has to transform
according to
Ψ(ξ) 7→ U(ξ)Ψ(ξ)
A(ξ) 7→ U(ξ)A(ξ)U †(ξ) + iU(ξ)∂ξU(ξ)†. (1.116)
Then the covariant derivative transform like Ψ as the name suggest, i.e. DΨ 7→ UDΨ whenever Ψ 7→
UΨ.
Following this prescription we obtain the gauge-covariant Gor’kov equation
G−10 (ξ1)G (ξ1, ξ2) = δ (ξ1 − ξ2) (1.117)
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with the covariantly defined operator
G−10 = i~τ3D0 (ξ)− ξ (−i~Di(ξ)) + ∆ (ξ) (1.118)
where
Dµ = ∂µ − i
(
Aµ 0
0 T AµT −1
)
= ∂µ − iAµ (1.119)
with time-like (µ = 0 = t) and space-like (µ = x, y, z) covariant operators and we defined the gauge-
potential Aµ = (A0,A) in the Nambu-spin space. For the anticipated quasi-classical transport equation














+ ∆ (ξ) . (1.121)
Resulting charge and current densities
The gauge covariant reformulation introduces couplings to gauge fields which will alter the conserved
quantities in our system, the charge and current densities which we will now determine. The action S of
our system is
S [ψ, Aµ] =
∫






is a spinor in Nambu-Spin space in accordance with the defined basis of the Green-Gor’kov matrix
Eq.(1.30). Note that we sum over repeated indices. Varying the action after the field operators results in
the covariant equation of motion for the field operators, the Gor’kov Eqs. (1.117)- (1.120). The charge
and current densities are obtained varying the action of our system after the new dynamical variables
of the system, the gauge fields. The gauge fields in the covariant derivatives Aµ appear always with
their time reverse T AµT −1. For each component of the gauge fields there exist only two possibilities
for their behavior under time-reversal T AµT −1 = ±Aµ, either they are even or odd. If we deal with a
Abelian U(1) gauge field describing electromagnetism, the space- and time-like components of the field
are even under time reversal. On the other hand for a non-Abelian SU(2) gauge field describing spin
fields, the space and time-like components of the field are odd under time reversal. Other cases will not
be of relevance in the following.
We expand the matrix Aµ as
Aµ = gAaµγa (1.123)
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where g is the charge associated to the corresponding gauge field and γa are matrices that reflect the
degree of freedom for this type of charge. For electromagnetic fields the charge g = −e and has no
internal degree of freedom thus γa = δa1 (we could have defined any index to be ”the one” here). For
the SU(2) case we keep g to denote the SU(2) coupling constant and we have γa = σa. With the above




= gψ†γaψ with γa =
(
γa 0
0 T γaT −1
)
. (1.124)
Repeating the procedure for the space like components assuming only quadratic terms in the dispersion













One can show that these defined densities and current densities fulfill the covariant continuity equa-
tion [98]
Dtj0 + Diji = 0. (1.126)
The expectation value of the densities (1.124) and (1.124) can be linked to the components of the Green-
Gor’kov matrix. Taking into account all the possible parity combinations with respect to time reversal
symmetry of the gauge fields, we define







G(x,x′, t, t+ 0+)
]
(1.127)








′, t, t+ 0+)−G(x,x′, t, t+ 0+)D†i (x′)τ3
]
(1.128)
as the electric charge density and charge current density and








aG(x,x′, t, t+ 0+)
]
=: sa(r, t) (1.129)








′, t, t+ 0+)−G(x,x′, t, t+ 0+)D†i (x′)σa
]
(1.130)
for the spin and spin current densities, where the trace is taken in Nambu and spin space. The observables
now must be expressed in terms of the Wigner transformed Green’s functions. We refer for that to
Refs. [99, 100] and we continue with the derivation of the transport equation.
1.4.4 Gauge covariant quasi-classical equation
In the last section we extended the Gor’kov equation to the case when the charge carriers interact with
electromagnetic or spin fields. In the next step we derive quasi-classical transport equations from these
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gauge-covariant equations. We generalize the Wigner transform to the gauge-covariant Wigner transform
in the case of non-Abelian gauge fields and apply it to the Gor’kov equations.
Gauge covariant Wigner transformation
The gauge covariant Wigner transform has been introduced already quite some time ago in the eighties
in high-energy physics to study quark-gluon plasma [101, 102]. Within the last decade it has been
rediscovered in order to describe spin interactions in normal [99] and superconducting systems [32, 100].
To motivate it we start from the previously introduced Wigner representation (see Eq. (1.98)) of the
Green-Gor’kov matrix
















Equivalently we can rewrite the transformed Green’s function using translation operators
G (p,x, ω, T ) =
∫










i - operators act on the first field operator to the right, left respectively. Under a U(1) or SU(2)
gauge transformations of Eq. (1.131), exponentials will appear at different space-time points and are
not compensated, thus the above Wigner transformed Green’s function does not transform covariantly.
However, the equivalent definition Eq. (1.132) indicates that the covariant transform can be obtained
by substituting the normal derivatives in the translational operators by covariant ones. We define the
covariant generalization of the Wigner representation
G (p,x, ω, T ) =
∫








with D(†)µ = ∂µ ∓ iAµ~ where the un-/daggered operators act on the first field to their right, left respec-
tively.
The covariant generalization of the Wigner transformation with respect to SU(2) gauge transformations
Eq. (1.102) follows directly from the Eq. (1.133) by only including space-like transformations. Using
the relationship [101]
erDx/2Ψ(x) = W (x,x + r/2) Ψ(x + r/2) (1.134)
























where we introduced the parallel transport/Wilson link operator
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with P the path ordering operator and the path of the integration z(s) is along the straight line between
endpoints z (s) = a+(b− a) s, s ∈ [0, 1]. This expression transforms locally covariantly under SU(2)
rotations U (x)
G (p,x) 7→ U (x) G (p,x) U† (x) . (1.137)
thanks to the action of the Wilson link operators that connect the positions of the field operators with the
center of mass coordinates.
Gauge covariant transport like equation
All the components that we used to derive the transport like Eq.(1.108) are now defined covariantly.
From here on we can now follow through the steps as we did for the case of vanishing fields to include
a linear in momentum spin-orbit coupling. We have to change to the generalized Wigner representation
Eq.(1.133) of the gauge covariant Gor’kov equations and then perform a quasi-classical expansion. The
detailed derivation involves lengthy differential geometric proofs as shown in [100–102].
We will here take a short cut by deriving the desired quasi-classical equation in the case of homogeneous
fields as done in in Ref. [32]. It is easier to follow and can be generalized to the case of non-homogeneous
fields at the end of the calculation. As for the case with no gauge fields we Wigner transform the gauge
covariant Gor’kov Eq.(1.36) and its conjugate in the space coordinates and expand up to first order in
gradients which gives






0 ∂xG− ∂xG−10 ∂pG
)
(1.138)
G (p, x) ?
[
G−10 (p,x)
]† ≈ G [G−10 ]† − i~2 (∂pG∂x [G−10 ]† − ∂xG∂p [G−10 ]†) . (1.139)
The quasi-classical transport equation is obtained by subtracting both equations giving








+ ∆̌ + Σ̌,G
]
= 0, (1.140)
where we assumed a spatially constant order parameter ∆̌, and used that p,A2 ∝ 1. Note that we also
extended the free propagator by self energy term Σ̌ that will allow us to introduce disorder to the system.
This equation is not gauge covariant as we used the usual Wigner transform. To change to the full
gauge covariant picture, we can use the relation between the gauge covariantly transformed and usual
Green’s function (1.135) which gets drastically simplified in the case of homogeneous fields, as the
Wilson link operators W are then matrix exponentials of the SU(2) gauge fields W(x1,x2) = exp(i/2 ·




Here we introduced the gauge covariantly transformed Green’s function G̃. Substituting this relation
into Eq.(1.140), expanding the shift operators and keeping only terms up to first order in gradients and
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F0i = −i [A0,Ai] , Fij = −i [Ai,Aj ] (1.143)
are the SU(2) field strength tensors and ∇̃i· = ∂i · −i [·,Ai] is the covariant derivative.
This equation is true for homogeneous fields, but let us add without proof that the case of spacially
smoothly varying fields can be obtained by inserting the terms that contain space variations in the full
expression of the SU(2) field tensor Fµν = ∂µAν − ∂νAµ − i [Aµ,Aν ]. We now have an fully gauge
covariant equation where the SOC is included in terms of the covariant derivative and the field tensorFµν .
The covariant derivative is linear in SOC fields and describes the momentum dependent spin precession
due to the latter. The fourth term in Eq.(1.142) involving components of the field strength tensor involves
higher orders in the SOC fields and leads to coupling between spin and charge degrees of freedom and
the spin Hall effect.
1.4.5 Eilenberger equation
The transport equation for G̃ (p) derived in the previous section can be further simplified by recalling
that within the BCS theory, superconductivity only takes place at very low temperatures. Therefore
typical quasiparticle excitation energies are located within a very narrow energy window of the size
kBTc around the Fermi energy where Tc is the critical temperature of the superconducting phase (in
conventional superconductors Tc/TF ≈ 10−4). This motivates the definition of the quasiparticle energy
integrated Green’s function or so called ξ-integrated Green’s function. Let us have a look at the integral∫ d3p

























where ξ = vF (p− pF ) is the linearized spectrum around the Fermi energy and N0 is the density of
states at the Fermi level. In the last steps we assumed that the Green’s function is peaked in a small
window around the Fermi momentum. For small momenta we linearize the spectrum and we assume
that the density of states is constant within a small window around the Fermi energy, thus we can pull it
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that now only depends on the Fermi momentum direction n and the center of mass (of course time as
well in general). The prefactor is chosen for convenience in later explicit calculations of g. The equation
of motion for this simplified Green’s function is the generalized Eilenberger equation [103]
i~ (τ3∂t1 ǧ + ∂t2 ǧτ3) + i~vFni∇̃iǧ +
[














which is directly obtained by ξ-integration of Eq.(1.142). The ξ integration of the self-energy term
corresponds to the expression on the right hand side. If we assume elastic and isotropic scattering of
randomly distributed non magnetic impurities, within the Born approximation the self energy is given
by Σ̌ = i~〈ǧ〉/(2τ). Here τ is the scattering time, and 〈. . .〉 is the angular average over quasiparticle
momenta at the Fermi surface.
1.4.6 Usadel equation
We now turn to he diffusive limit of the quasi-classical transport equation, that applies in a dirty super-
conductor. A quasiparticle traveling through a dirty superconductor will frequently scatter of impurities
and change its traveling direction. This frequent scattering into random directions leads to a direction
averaging. For conventional/s-wave superconductors this justifies the assumption that the quasiparticle
propagator will have only a weak direction dependence. We now obtain a closed equation of motion for
the isotropic part of the Green’s function ǧ0, the Usadel equation.















where Ω̌ = (ωn − iA0)− i∆̌ with the Matsubara frequencies ωn = (2n+ 1)π.
As stated in Ref. [105], assuming that the scattering time τ is much smaller than any other characteristic
timescale of our system, for an asymptotic expansion up to O(τ2) it is sufficient to include the first two
moments (the s and p-wave part)
ǧ (n) ≈ ǧ0 + nkǧk (1.148)
with ǧk  ǧ0. Taking the angular average of Eq. (1.147), as well as the angular average of Eq. (1.147)














{Fij , ǧj} = −
~
2
[ǧ0, ǧk] . (1.150)
These equations are solved assuming the normalization condition ǧ2 = 1, and that the fields Aµ vanish
at infinity. With these solutions it is possible to express the anisotropic part of the Green’s function ǧi in
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terms of ǧ0. The detailed derivation can be found in Ref. [105] and we will just present the result





Fij , ∇̃j ǧ0
}
− iτ2vF [τ3Fi0, ǧ0] . (1.151)
















(ωn − iA0) τ3 − i∆̌, ǧ0
]
= 0 (1.152)
where D = v2F τ/dim is the diffusion coefficient and dim is the dimension on the system.
Linearized Usadel equation
The Usadel Eq. (1.152) is a non-linear differential equation. To simplify analytical calculations, we can
overcome this difficulty by changing to the linearized form of the Usadel equation. The linearization
is valid when either the system temperature is close to the critical temperature, or the proximity effect
is weak. In both cases the amplitude of the anomalous part of the Green’s function is small compared








+ {ωn − iA0, f0}+ 2i∆sgn(ωn) = 0. (1.153)
When dealing with heterostructures between superconductors and other materials, we need to know the
boundary conditions for the anomalous Green’s function. The boundary conditions for the field free
case have been determined by Kupriyanov and Lukitchev [107]. In the linearized case and for general











where x0 is the position of a interface between the bulk superconductor, described by the bulk Green’s
function fBCS, and the non superconducting region. The interface is characterized by the normal vector
Ni of its surface and its transparency γ.
Conclusion
We have introduced the transport formalisms that will be used through though this thesis. Based on
minimal examples we described basic transport phenomena in superconducting hybrid structures, like
the Andreev reflection, Andreev bound state formation and the 0-π transition. This will be of particular
importance in the next chapter where we investigate the Andreev spectra in Josephson junctions where
the superconductors are subject to an intrinsic exchange interaction.
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Josephson junction with spin-split
superconductors†
Superconductors with spin-split density of states have attracted particular interest since the pioneering
works of Tedrow and Merservey, in which Zeeman splitting in superconductors was used to determine
the spin-polarization of ferromagnetic metals [108, 109]. Such spin-splitting can be achieved either
by applying an external magnetic field or in thin superconducting films in contact with ferromagnetic
insulators (FI) at zero field [110, 111]. The spin-split density of states found in superconducting films
originates from the exchange interaction between the conduction electrons of the superconductor and the
large localised magnetic moments of the FI [112]. In order to obtain large spin-splittings, the use of FIs
has the advantage of avoiding the application of high magnetic fields. The spectrum of a conventional
superconductor in this case shows two BCS-like densities of states shifted by the energy 2h, where h
is the effective exchange field induced in the superconductor film. Here we denote them as spin-split
superconductors (SS).
There has been a resurgence of interest in SS because of several theoretical studies proposing them as
absolute spin-valves [113], heat-valves [114] and thermoelectric elements [115–117]. Moreover, su-
perconducting heterostructures with spin-splitting fields have attracted the interest from theorists and
experimentalists in the last years, mainly motivated by the possible detection of Majorana fermions [43,
47, 118] and elaboration of complex S-FI heterostructures [119–121], where S denotes a BCS supercon-
ducting lead.
One striking effect in such structures is the enhancement of the critical Josephson current in a FI-S/I/FI-S
junction by increasing the amplitude of the spin-splitting field [122–124]. Here I denotes an insulating
tunneling barrier. This phenomenon has been demonstrated experimentally in Ref. [125].
In order to understand the supercurrent in ballistic Josephson junctions it is important to analyze the
spectral properties of these weak links [126, 127]. In a short ballistic superconductor-normal metal-
superconductor (S/N/S) junction with equal gaps and at low temperatures, tunneling through Andreev
†This chapter has been published: “Andreev spectrum of a Josephson junction with spin-splitt superconductors”, B. Bu-










(a) SS left SS rightprobe
 e i'/2
<latexit sha1_base64="xyaxe6WEz7Cj+vTdwwrjnYSW21Y=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJNiqAnKejBYwX7AU0sm+20XbrZhN1NocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmtON8W7ml5ZXVtfx6YWNza3vH3t2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwPfEbQ5CKReJej2LwQ9ITrMso0UZq2wfeDXBNMDykp8wbEhn32Vl53LaLTsmZAi8SNyNFlKHatr+8TkSTEISmnCjVcp1Y+ymRmlEO44KXKIgJHZAetAwVJATlp9P7x/jYKB3cjaQpofFU/T2RklCpURiYzpDovpr3JuJ/XivR3Us/ZSJONAg6W9RNONYRnoSBO0wC1XxkCKGSmVsx7RNJqDaRFUwI7vzLi6ReLrlOyb07L1ausjjy6BAdoRPkogtUQbeoimqIokf0jF7Rm/VkvVjv1sesNWdlM/voD6zPHyF9lYE=</latexit><latexit sha1_base64="xyaxe6WEz7Cj+vTdwwrjnYSW21Y=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJNiqAnKejBYwX7AU0sm+20XbrZhN1NocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmtON8W7ml5ZXVtfx6YWNza3vH3t2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwPfEbQ5CKReJej2LwQ9ITrMso0UZq2wfeDXBNMDykp8wbEhn32Vl53LaLTsmZAi8SNyNFlKHatr+8TkSTEISmnCjVcp1Y+ymRmlEO44KXKIgJHZAetAwVJATlp9P7x/jYKB3cjaQpofFU/T2RklCpURiYzpDovpr3JuJ/XivR3Us/ZSJONAg6W9RNONYRnoSBO0wC1XxkCKGSmVsx7RNJqDaRFUwI7vzLi6ReLrlOyb07L1ausjjy6BAdoRPkogtUQbeoimqIokf0jF7Rm/VkvVjv1sesNWdlM/voD6zPHyF9lYE=</latexit><latexit sha1_base64="xyaxe6WEz7Cj+vTdwwrjnYSW21Y=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJNiqAnKejBYwX7AU0sm+20XbrZhN1NocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmtON8W7ml5ZXVtfx6YWNza3vH3t2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwPfEbQ5CKReJej2LwQ9ITrMso0UZq2wfeDXBNMDykp8wbEhn32Vl53LaLTsmZAi8SNyNFlKHatr+8TkSTEISmnCjVcp1Y+ymRmlEO44KXKIgJHZAetAwVJATlp9P7x/jYKB3cjaQpofFU/T2RklCpURiYzpDovpr3JuJ/XivR3Us/ZSJONAg6W9RNONYRnoSBO0wC1XxkCKGSmVsx7RNJqDaRFUwI7vzLi6ReLrlOyb07L1ausjjy6BAdoRPkogtUQbeoimqIokf0jF7Rm/VkvVjv1sesNWdlM/voD6zPHyF9lYE=</latexit><latexit sha1_base64="xyaxe6WEz7Cj+vTdwwrjnYSW21Y=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJNiqAnKejBYwX7AU0sm+20XbrZhN1NocQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmtON8W7ml5ZXVtfx6YWNza3vH3t2rqyiRFGo04pFsBkQBZwJqmmkOzVgCCQMOjWBwPfEbQ5CKReJej2LwQ9ITrMso0UZq2wfeDXBNMDykp8wbEhn32Vl53LaLTsmZAi8SNyNFlKHatr+8TkSTEISmnCjVcp1Y+ymRmlEO44KXKIgJHZAetAwVJATlp9P7x/jYKB3cjaQpofFU/T2RklCpURiYzpDovpr3JuJ/XivR3Us/ZSJONAg6W9RNONYRnoSBO0wC1XxkCKGSmVsx7RNJqDaRFUwI7vzLi6ReLrlOyb07L1ausjjy6BAdoRPkogtUQbeoimqIokf0jF7Rm/VkvVjv1sesNWdlM/voD6zPHyF9lYE=</latexit>  ei'/2
<latexit sha1_base64="2WrLY5O7evgROhXMDiE8hkXzXF0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNWkCHqSgh48VrAf0MSy2U7apZtN2N0USij4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSopNGjMY9kOiALOBDQ00xzaiQQSBRxawfBm6rdGIBWLxYMeJ+BHpC9YyCjRRuraR94tcE0wPGbMGxGZDNh5ddK1y07FmQEvEzcnZZSj3rW/vF5M0wiEppwo1XGdRPsZkZpRDpOSlypICB2SPnQMFSQC5Wez8yf41Cg9HMbSlNB4pv6eyEik1DgKTGdE9EAtelPxP6+T6vDKz5hIUg2CzheFKcc6xtMscI9JoJqPDSFUMnMrpgMiCdUmsZIJwV18eZk0qxXXqbj3F+XadR5HER2jE3SGXHSJaugO1VEDUZShZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCyfJVK</latexit><latexit sha1_base64="2WrLY5O7evgROhXMDiE8hkXzXF0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNWkCHqSgh48VrAf0MSy2U7apZtN2N0USij4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSopNGjMY9kOiALOBDQ00xzaiQQSBRxawfBm6rdGIBWLxYMeJ+BHpC9YyCjRRuraR94tcE0wPGbMGxGZDNh5ddK1y07FmQEvEzcnZZSj3rW/vF5M0wiEppwo1XGdRPsZkZpRDpOSlypICB2SPnQMFSQC5Wez8yf41Cg9HMbSlNB4pv6eyEik1DgKTGdE9EAtelPxP6+T6vDKz5hIUg2CzheFKcc6xtMscI9JoJqPDSFUMnMrpgMiCdUmsZIJwV18eZk0qxXXqbj3F+XadR5HER2jE3SGXHSJaugO1VEDUZShZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCyfJVK</latexit><latexit sha1_base64="2WrLY5O7evgROhXMDiE8hkXzXF0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNWkCHqSgh48VrAf0MSy2U7apZtN2N0USij4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSopNGjMY9kOiALOBDQ00xzaiQQSBRxawfBm6rdGIBWLxYMeJ+BHpC9YyCjRRuraR94tcE0wPGbMGxGZDNh5ddK1y07FmQEvEzcnZZSj3rW/vF5M0wiEppwo1XGdRPsZkZpRDpOSlypICB2SPnQMFSQC5Wez8yf41Cg9HMbSlNB4pv6eyEik1DgKTGdE9EAtelPxP6+T6vDKz5hIUg2CzheFKcc6xtMscI9JoJqPDSFUMnMrpgMiCdUmsZIJwV18eZk0qxXXqbj3F+XadR5HER2jE3SGXHSJaugO1VEDUZShZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCyfJVK</latexit><latexit sha1_base64="2WrLY5O7evgROhXMDiE8hkXzXF0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNWkCHqSgh48VrAf0MSy2U7apZtN2N0USij4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSopNGjMY9kOiALOBDQ00xzaiQQSBRxawfBm6rdGIBWLxYMeJ+BHpC9YyCjRRuraR94tcE0wPGbMGxGZDNh5ddK1y07FmQEvEzcnZZSj3rW/vF5M0wiEppwo1XGdRPsZkZpRDpOSlypICB2SPnQMFSQC5Wez8yf41Cg9HMbSlNB4pv6eyEik1DgKTGdE9EAtelPxP6+T6vDKz5hIUg2CzheFKcc6xtMscI9JoJqPDSFUMnMrpgMiCdUmsZIJwV18eZk0qxXXqbj3F+XadR5HER2jE3SGXHSJaugO1VEDUZShZ/SK3qwn68V6tz7mrQUrnzlEf2B9/gCyfJVK</latexit>L ⌧ ⇠0
<latexit sha1_base64="Qv7uuSGnHmAcLEBAPNMewWXKM/w=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMG0lSaUzXbTLt3dhN2NWEJ/hRcPinj153jz37htc9DWBwOP92aYmRelnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R0kilCfZLwRHUirClnkvqGGU47qaJYRJy2o9H11G8/UqVZIu/NOKWhwAPJYkawsdLDbcB58MR6bq9ac+vuDGiZeAWpQYFmr/oV9BOSCSoN4VjrruemJsyxMoxwOqkEmaYpJiM8oF1LJRZUh/ns4Ak6sUofxYmyJQ2aqb8nciy0HovIdgpshnrRm4r/ed3MxJdhzmSaGSrJfFGccWQSNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLEheIsvL5PWWd1z697dea1xVcRRhiM4hlPw4AIacANN8IGAgGd4hTdHOS/Ou/Mxby05xcwh/IHz+QNjmJAc</latexit><latexit sha1_base64="Qv7uuSGnHmAcLEBAPNMewWXKM/w=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMG0lSaUzXbTLt3dhN2NWEJ/hRcPinj153jz37htc9DWBwOP92aYmRelnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R0kilCfZLwRHUirClnkvqGGU47qaJYRJy2o9H11G8/UqVZIu/NOKWhwAPJYkawsdLDbcB58MR6bq9ac+vuDGiZeAWpQYFmr/oV9BOSCSoN4VjrruemJsyxMoxwOqkEmaYpJiM8oF1LJRZUh/ns4Ak6sUofxYmyJQ2aqb8nciy0HovIdgpshnrRm4r/ed3MxJdhzmSaGSrJfFGccWQSNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLEheIsvL5PWWd1z697dea1xVcRRhiM4hlPw4AIacANN8IGAgGd4hTdHOS/Ou/Mxby05xcwh/IHz+QNjmJAc</latexit><latexit sha1_base64="Qv7uuSGnHmAcLEBAPNMewWXKM/w=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMG0lSaUzXbTLt3dhN2NWEJ/hRcPinj153jz37htc9DWBwOP92aYmRelnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R0kilCfZLwRHUirClnkvqGGU47qaJYRJy2o9H11G8/UqVZIu/NOKWhwAPJYkawsdLDbcB58MR6bq9ac+vuDGiZeAWpQYFmr/oV9BOSCSoN4VjrruemJsyxMoxwOqkEmaYpJiM8oF1LJRZUh/ns4Ak6sUofxYmyJQ2aqb8nciy0HovIdgpshnrRm4r/ed3MxJdhzmSaGSrJfFGccWQSNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLEheIsvL5PWWd1z697dea1xVcRRhiM4hlPw4AIacANN8IGAgGd4hTdHOS/Ou/Mxby05xcwh/IHz+QNjmJAc</latexit><latexit sha1_base64="Qv7uuSGnHmAcLEBAPNMewWXKM/w=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMG0lSaUzXbTLt3dhN2NWEJ/hRcPinj153jz37htc9DWBwOP92aYmRelnGnjut9OaWV1bX2jvFnZ2t7Z3avuH7R0kilCfZLwRHUirClnkvqGGU47qaJYRJy2o9H11G8/UqVZIu/NOKWhwAPJYkawsdLDbcB58MR6bq9ac+vuDGiZeAWpQYFmr/oV9BOSCSoN4VjrruemJsyxMoxwOqkEmaYpJiM8oF1LJRZUh/ns4Ak6sUofxYmyJQ2aqb8nciy0HovIdgpshnrRm4r/ed3MxJdhzmSaGSrJfFGccWQSNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLEheIsvL5PWWd1z697dea1xVcRRhiM4hlPw4AIacANN8IGAgGd4hTdHOS/Ou/Mxby05xcwh/IHz+QNjmJAc</latexit>
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<latexit sha1_base64="qotZgDeZXTn1c5LbMyKqfivv89A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItS8OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/VP415</latexit><latexit sha1_base64="qotZgDeZXTn1c5LbMyKqfivv89A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItS8OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/VP415</latexit><latexit sha1_base64="qotZgDeZXTn1c5LbMyKqfivv89A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItS8OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/VP415</latexit><latexit sha1_base64="qotZgDeZXTn1c5LbMyKqfivv89A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItS8OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7p+u3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz0My6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6rnVr2780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/VP415</latexit>
hL
<latexit sha1_base64="5BMpC1XS+C+7V5s7ekeHFXpxYMg=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8m2hfYkBS8ePFS0H9AuJZtm29BsdkmyQln6E7x4UMSrv8ib/8a0W0FFHww83pthZp4fC64Nxh9Obm19Y3Mrv13Y2d3bPygeHnV0lCjK2jQSker5RDPBJWsbbgTrxYqR0Bes608vF373ninNI3lnZjHzQjKWPOCUGCvdTobXw2IJl7FFo4oy4rqW1Br1eqWK3KWCcQlWaA2L74NRRJOQSUMF0brv4th4KVGGU8HmhUGiWUzolIxZ31JJQqa9dHnqHJ1ZZYSCSNmSBi3V7xMpCbWehb7tDImZ6N/eQvzL6ycmaHgpl3FimKTZoiARyERo8TcaccWoETNLCFXc3orohChCjU2nYEP4+hT9TzqVsovL7k2t1LxYxZGHEziFc3ChDk24gha0gcIYHuAJnh3hPDovzmvWmnNWM8fwA87bJ1n2jdM=</latexit><latexit sha1_base64="5BMpC1XS+C+7V5s7ekeHFXpxYMg=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8m2hfYkBS8ePFS0H9AuJZtm29BsdkmyQln6E7x4UMSrv8ib/8a0W0FFHww83pthZp4fC64Nxh9Obm19Y3Mrv13Y2d3bPygeHnV0lCjK2jQSker5RDPBJWsbbgTrxYqR0Bes608vF373ninNI3lnZjHzQjKWPOCUGCvdTobXw2IJl7FFo4oy4rqW1Br1eqWK3KWCcQlWaA2L74NRRJOQSUMF0brv4th4KVGGU8HmhUGiWUzolIxZ31JJQqa9dHnqHJ1ZZYSCSNmSBi3V7xMpCbWehb7tDImZ6N/eQvzL6ycmaHgpl3FimKTZoiARyERo8TcaccWoETNLCFXc3orohChCjU2nYEP4+hT9TzqVsovL7k2t1LxYxZGHEziFc3ChDk24gha0gcIYHuAJnh3hPDovzmvWmnNWM8fwA87bJ1n2jdM=</latexit><latexit sha1_base64="5BMpC1XS+C+7V5s7ekeHFXpxYMg=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8m2hfYkBS8ePFS0H9AuJZtm29BsdkmyQln6E7x4UMSrv8ib/8a0W0FFHww83pthZp4fC64Nxh9Obm19Y3Mrv13Y2d3bPygeHnV0lCjK2jQSker5RDPBJWsbbgTrxYqR0Bes608vF373ninNI3lnZjHzQjKWPOCUGCvdTobXw2IJl7FFo4oy4rqW1Br1eqWK3KWCcQlWaA2L74NRRJOQSUMF0brv4th4KVGGU8HmhUGiWUzolIxZ31JJQqa9dHnqHJ1ZZYSCSNmSBi3V7xMpCbWehb7tDImZ6N/eQvzL6ycmaHgpl3FimKTZoiARyERo8TcaccWoETNLCFXc3orohChCjU2nYEP4+hT9TzqVsovL7k2t1LxYxZGHEziFc3ChDk24gha0gcIYHuAJnh3hPDovzmvWmnNWM8fwA87bJ1n2jdM=</latexit><latexit sha1_base64="5BMpC1XS+C+7V5s7ekeHFXpxYMg=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8m2hfYkBS8ePFS0H9AuJZtm29BsdkmyQln6E7x4UMSrv8ib/8a0W0FFHww83pthZp4fC64Nxh9Obm19Y3Mrv13Y2d3bPygeHnV0lCjK2jQSker5RDPBJWsbbgTrxYqR0Bes608vF373ninNI3lnZjHzQjKWPOCUGCvdTobXw2IJl7FFo4oy4rqW1Br1eqWK3KWCcQlWaA2L74NRRJOQSUMF0brv4th4KVGGU8HmhUGiWUzolIxZ31JJQqa9dHnqHJ1ZZYSCSNmSBi3V7xMpCbWehb7tDImZ6N/eQvzL6ycmaHgpl3FimKTZoiARyERo8TcaccWoETNLCFXc3orohChCjU2nYEP4+hT9TzqVsovL7k2t1LxYxZGHEziFc3ChDk24gha0gcIYHuAJnh3hPDovzmvWmnNWM8fwA87bJ1n2jdM=</latexit>
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<latexit sha1_base64="3R3ztcwCMK6jCtTtN3+xi+/twlM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ3eMmFwk4MVjXLJAMoSeTidp0rPQ3SOEIZ/gxYMiXv0ib/6NnUkEFX1Q8Hiviqp6fiyFNhh/OEvLK6tr67mN/ObW9s5uYW+/qaNEMd5gkYxU26eaSxHyhhFG8nasOA18yVv++HLmt+650iIK78wk5l5Ah6EYCEaNlW5HvZteoYjdauWMlAjCLrY4zUipSspVRDIF4yIsUO8V3rv9iCUBDw2TVOsOwbHxUqqMYJJP891E85iyMR3yjqUhDbj20uzUKTq2Sh8NImUrNChTv0+kNNB6Evi2M6BmpH97M/Evr5OYQcVLRRgnhodsvmiQSGQiNPsb9YXizMiJJZQpYW9FbEQVZcamk7chfH2K/ifNkkuwS67LxdrFIo4cHMIRnACBc6jBFdShAQyG8ABP8OxI59F5cV7nrUvOYuYAfsB5+wRzxY3k</latexit><latexit sha1_base64="3R3ztcwCMK6jCtTtN3+xi+/twlM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ3eMmFwk4MVjXLJAMoSeTidp0rPQ3SOEIZ/gxYMiXv0ib/6NnUkEFX1Q8Hiviqp6fiyFNhh/OEvLK6tr67mN/ObW9s5uYW+/qaNEMd5gkYxU26eaSxHyhhFG8nasOA18yVv++HLmt+650iIK78wk5l5Ah6EYCEaNlW5HvZteoYjdauWMlAjCLrY4zUipSspVRDIF4yIsUO8V3rv9iCUBDw2TVOsOwbHxUqqMYJJP891E85iyMR3yjqUhDbj20uzUKTq2Sh8NImUrNChTv0+kNNB6Evi2M6BmpH97M/Evr5OYQcVLRRgnhodsvmiQSGQiNPsb9YXizMiJJZQpYW9FbEQVZcamk7chfH2K/ifNkkuwS67LxdrFIo4cHMIRnACBc6jBFdShAQyG8ABP8OxI59F5cV7nrUvOYuYAfsB5+wRzxY3k</latexit><latexit sha1_base64="3R3ztcwCMK6jCtTtN3+xi+/twlM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ3eMmFwk4MVjXLJAMoSeTidp0rPQ3SOEIZ/gxYMiXv0ib/6NnUkEFX1Q8Hiviqp6fiyFNhh/OEvLK6tr67mN/ObW9s5uYW+/qaNEMd5gkYxU26eaSxHyhhFG8nasOA18yVv++HLmt+650iIK78wk5l5Ah6EYCEaNlW5HvZteoYjdauWMlAjCLrY4zUipSspVRDIF4yIsUO8V3rv9iCUBDw2TVOsOwbHxUqqMYJJP891E85iyMR3yjqUhDbj20uzUKTq2Sh8NImUrNChTv0+kNNB6Evi2M6BmpH97M/Evr5OYQcVLRRgnhodsvmiQSGQiNPsb9YXizMiJJZQpYW9FbEQVZcamk7chfH2K/ifNkkuwS67LxdrFIo4cHMIRnACBc6jBFdShAQyG8ABP8OxI59F5cV7nrUvOYuYAfsB5+wRzxY3k</latexit><latexit sha1_base64="3R3ztcwCMK6jCtTtN3+xi+/twlM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ3eMmFwk4MVjXLJAMoSeTidp0rPQ3SOEIZ/gxYMiXv0ib/6NnUkEFX1Q8Hiviqp6fiyFNhh/OEvLK6tr67mN/ObW9s5uYW+/qaNEMd5gkYxU26eaSxHyhhFG8nasOA18yVv++HLmt+650iIK78wk5l5Ah6EYCEaNlW5HvZteoYjdauWMlAjCLrY4zUipSspVRDIF4yIsUO8V3rv9iCUBDw2TVOsOwbHxUqqMYJJP891E85iyMR3yjqUhDbj20uzUKTq2Sh8NImUrNChTv0+kNNB6Evi2M6BmpH97M/Evr5OYQcVLRRgnhodsvmiQSGQiNPsb9YXizMiJJZQpYW9FbEQVZcamk7chfH2K/ifNkkuwS67LxdrFIo4cHMIRnACBc6jBFdShAQyG8ABP8OxI59F5cV7nrUvOYuYAfsB5+wRzxY3k</latexit>
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<latexit sha1_base64="D5zL3xAkB1vDV+PySPDnuLiLi6U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBPXiMYB6QLGF20puMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9HwZuo3n1AbruSDHaUYJrQvecwZtU5qdG5RWNotlf2KPwNZJkFOypCj1i19dXqKZQlKywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKQJmnA8u3ZCTp3SI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY2vwjGXaWZRsvmiOBPEKjJ9nfS4RmbFyBHKNHe3EjagmjLrAiq6EILFl5dJ47wS+JXg/qJcvc7jKMAxnMAZBHAJVbiDGtSBwSM8wyu8ecp78d69j3nripfPHMEfeJ8/X1iO+A==</latexit><latexit sha1_base64="D5zL3xAkB1vDV+PySPDnuLiLi6U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBPXiMYB6QLGF20puMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9HwZuo3n1AbruSDHaUYJrQvecwZtU5qdG5RWNotlf2KPwNZJkFOypCj1i19dXqKZQlKywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKQJmnA8u3ZCTp3SI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY2vwjGXaWZRsvmiOBPEKjJ9nfS4RmbFyBHKNHe3EjagmjLrAiq6EILFl5dJ47wS+JXg/qJcvc7jKMAxnMAZBHAJVbiDGtSBwSM8wyu8ecp78d69j3nripfPHMEfeJ8/X1iO+A==</latexit><latexit sha1_base64="D5zL3xAkB1vDV+PySPDnuLiLi6U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBPXiMYB6QLGF20puMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9HwZuo3n1AbruSDHaUYJrQvecwZtU5qdG5RWNotlf2KPwNZJkFOypCj1i19dXqKZQlKywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKQJmnA8u3ZCTp3SI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY2vwjGXaWZRsvmiOBPEKjJ9nfS4RmbFyBHKNHe3EjagmjLrAiq6EILFl5dJ47wS+JXg/qJcvc7jKMAxnMAZBHAJVbiDGtSBwSM8wyu8ecp78d69j3nripfPHMEfeJ8/X1iO+A==</latexit><latexit sha1_base64="D5zL3xAkB1vDV+PySPDnuLiLi6U=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CQBPXiMYB6QLGF20puMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9HwZuo3n1AbruSDHaUYJrQvecwZtU5qdG5RWNotlf2KPwNZJkFOypCj1i19dXqKZQlKywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKQJmnA8u3ZCTp3SI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY2vwjGXaWZRsvmiOBPEKjJ9nfS4RmbFyBHKNHe3EjagmjLrAiq6EILFl5dJ47wS+JXg/qJcvc7jKMAxnMAZBHAJVbiDGtSBwSM8wyu8ecp78d69j3nripfPHMEfeJ8/X1iO+A==</latexit>
   hL<latexit sha1_base64="TXqd0gxxtyG5nrn3E42AgNpu1LU=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciqF1ACwuLCOYDkyPsbfaSJXt7x+6cEI78CxsLRWz9N3b+GzfJFZr4YODx3gwz84JECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg98ZtPXBsRqwccJdyPaF+JUDCKVnrs3HCJ9HTQveuWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXhMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpP3SU9ozlCOLKFMC3srYQOqKUMbUtGG4M2/vEgaZxXPrXj35+XqVR5HAQ7hCE7Agwuowi3UoA4MFDzDK7w5xnlx3p2PWeuSk88cwB84nz/hh5Bb</latexit><latexit sha1_base64="TXqd0gxxtyG5nrn3E42AgNpu1LU=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciqF1ACwuLCOYDkyPsbfaSJXt7x+6cEI78CxsLRWz9N3b+GzfJFZr4YODx3gwz84JECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg98ZtPXBsRqwccJdyPaF+JUDCKVnrs3HCJ9HTQveuWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXhMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpP3SU9ozlCOLKFMC3srYQOqKUMbUtGG4M2/vEgaZxXPrXj35+XqVR5HAQ7hCE7Agwuowi3UoA4MFDzDK7w5xnlx3p2PWeuSk88cwB84nz/hh5Bb</latexit><latexit sha1_base64="TXqd0gxxtyG5nrn3E42AgNpu1LU=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciqF1ACwuLCOYDkyPsbfaSJXt7x+6cEI78CxsLRWz9N3b+GzfJFZr4YODx3gwz84JECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg98ZtPXBsRqwccJdyPaF+JUDCKVnrs3HCJ9HTQveuWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXhMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpP3SU9ozlCOLKFMC3srYQOqKUMbUtGG4M2/vEgaZxXPrXj35+XqVR5HAQ7hCE7Agwuowi3UoA4MFDzDK7w5xnlx3p2PWeuSk88cwB84nz/hh5Bb</latexit><latexit sha1_base64="TXqd0gxxtyG5nrn3E42AgNpu1LU=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYhBsDHciqF1ACwuLCOYDkyPsbfaSJXt7x+6cEI78CxsLRWz9N3b+GzfJFZr4YODx3gwz84JECoOu++0sLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2AGi6F4nUUKHkr0ZxGgeTNYHg98ZtPXBsRqwccJdyPaF+JUDCKVnrs3HCJ9HTQveuWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXhMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpP3SU9ozlCOLKFMC3srYQOqKUMbUtGG4M2/vEgaZxXPrXj35+XqVR5HAQ7hCE7Agwuowi3UoA4MFDzDK7w5xnlx3p2PWeuSk88cwB84nz/hh5Bb</latexit>
  + hR
<latexit sha1_base64="S4MdnHMyqbVxdYog/cYnlX4Zygo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXisYj+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm09cGxGrBxwl3I9oX4lQMIpWeuzccIn0dNC975bKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9eEyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk/dJT2jOUI4soUwLeythA6opQxtS0Ybgzb+8SBpnFc+teHfn5epVHkcBDuEITsCDC6jCLdSgDgwUPMMrvDnGeXHenY9Z65KTzxzAHzifP+eRkF8=</latexit><latexit sha1_base64="S4MdnHMyqbVxdYog/cYnlX4Zygo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXisYj+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm09cGxGrBxwl3I9oX4lQMIpWeuzccIn0dNC975bKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9eEyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk/dJT2jOUI4soUwLeythA6opQxtS0Ybgzb+8SBpnFc+teHfn5epVHkcBDuEITsCDC6jCLdSgDgwUPMMrvDnGeXHenY9Z65KTzxzAHzifP+eRkF8=</latexit><latexit sha1_base64="S4MdnHMyqbVxdYog/cYnlX4Zygo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXisYj+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm09cGxGrBxwl3I9oX4lQMIpWeuzccIn0dNC975bKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9eEyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk/dJT2jOUI4soUwLeythA6opQxtS0Ybgzb+8SBpnFc+teHfn5epVHkcBDuEITsCDC6jCLdSgDgwUPMMrvDnGeXHenY9Z65KTzxzAHzifP+eRkF8=</latexit><latexit sha1_base64="S4MdnHMyqbVxdYog/cYnlX4Zygo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXisYj+wDWWz3bRLN5uwOxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkQKg6777Swtr6yurRc2iptb2zu7pb39holTzXidxTLWrYAaLoXidRQoeSvRnEaB5M1geD3xm09cGxGrBxwl3I9oX4lQMIpWeuzccIn0dNC975bKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9eEyOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4aWfCZWkyBWbLQpTSTAmk/dJT2jOUI4soUwLeythA6opQxtS0Ybgzb+8SBpnFc+teHfn5epVHkcBDuEITsCDC6jCLdSgDgwUPMMrvDnGeXHenY9Z65KTzxzAHzifP+eRkF8=</latexit>
   hR
<latexit sha1_base64="sRhv0rRi1KBDdRR+i7QRU53lNaE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeCHjxWsR/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zSeujYjVA44S7ke0r0QoGEUrPXZuuER6Oujed0tlt+JOQRaJl5My5Kh1S1+dXszSiCtkkhrT9twE/YxqFEzycbGTGp5QNqR93rZU0YgbP5tePCbHVumRMNa2FJKp+nsio5ExoyiwnRHFgZn3JuJ/XjvF8NLPhEpS5IrNFoWpJBiTyfukJzRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI2ziudWvLvzcvUqj6MAh3AEJ+DBBVThFmpQBwYKnuEV3hzjvDjvzsesdcnJZw7gD5zPH+qfkGE=</latexit><latexit sha1_base64="sRhv0rRi1KBDdRR+i7QRU53lNaE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeCHjxWsR/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zSeujYjVA44S7ke0r0QoGEUrPXZuuER6Oujed0tlt+JOQRaJl5My5Kh1S1+dXszSiCtkkhrT9twE/YxqFEzycbGTGp5QNqR93rZU0YgbP5tePCbHVumRMNa2FJKp+nsio5ExoyiwnRHFgZn3JuJ/XjvF8NLPhEpS5IrNFoWpJBiTyfukJzRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI2ziudWvLvzcvUqj6MAh3AEJ+DBBVThFmpQBwYKnuEV3hzjvDjvzsesdcnJZw7gD5zPH+qfkGE=</latexit><latexit sha1_base64="sRhv0rRi1KBDdRR+i7QRU53lNaE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeCHjxWsR/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zSeujYjVA44S7ke0r0QoGEUrPXZuuER6Oujed0tlt+JOQRaJl5My5Kh1S1+dXszSiCtkkhrT9twE/YxqFEzycbGTGp5QNqR93rZU0YgbP5tePCbHVumRMNa2FJKp+nsio5ExoyiwnRHFgZn3JuJ/XjvF8NLPhEpS5IrNFoWpJBiTyfukJzRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI2ziudWvLvzcvUqj6MAh3AEJ+DBBVThFmpQBwYKnuEV3hzjvDjvzsesdcnJZw7gD5zPH+qfkGE=</latexit><latexit sha1_base64="sRhv0rRi1KBDdRR+i7QRU53lNaE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeCHjxWsR/YhrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zSeujYjVA44S7ke0r0QoGEUrPXZuuER6Oujed0tlt+JOQRaJl5My5Kh1S1+dXszSiCtkkhrT9twE/YxqFEzycbGTGp5QNqR93rZU0YgbP5tePCbHVumRMNa2FJKp+nsio5ExoyiwnRHFgZn3JuJ/XjvF8NLPhEpS5IrNFoWpJBiTyfukJzRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI2ziudWvLvzcvUqj6MAh3AEJ+DBBVThFmpQBwYKnuEV3hzjvDjvzsesdcnJZw7gD5zPH+qfkGE=</latexit>   hL<latexit sha1_base64="dqkQK4CRKzHs8VxjexeDzMA5WTo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXjwUMF+YBvKZrtpl242YXcilNB/4cWDIl79N978N27bHLT1wcDjvRlm5gWJFAZd99tZWl5ZXVsvbBQ3t7Z3dkt7+w0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB64jefuDYiVg84Srgf0b4SoWAUrfTYueES6emge9ctld2KOwVZJF5OypCj1i19dXoxSyOukElqTNtzE/QzqlEwycfFTmp4QtmQ9nnbUkUjbvxsevGYHFulR8JY21JIpurviYxGxoyiwHZGFAdm3puI/3ntFMNLPxMqSZErNlsUppJgTCbvk57QnKEcWUKZFvZWwgZUU4Y2pKINwZt/eZE0ziqeW/Huz8vVqzyOAhzCEZyABxdQhVuoQR0YKHiGV3hzjPPivDsfs9YlJ585gD9wPn8A3nmQWQ==</latexit><latexit sha1_base64="dqkQK4CRKzHs8VxjexeDzMA5WTo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXjwUMF+YBvKZrtpl242YXcilNB/4cWDIl79N978N27bHLT1wcDjvRlm5gWJFAZd99tZWl5ZXVsvbBQ3t7Z3dkt7+w0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB64jefuDYiVg84Srgf0b4SoWAUrfTYueES6emge9ctld2KOwVZJF5OypCj1i19dXoxSyOukElqTNtzE/QzqlEwycfFTmp4QtmQ9nnbUkUjbvxsevGYHFulR8JY21JIpurviYxGxoyiwHZGFAdm3puI/3ntFMNLPxMqSZErNlsUppJgTCbvk57QnKEcWUKZFvZWwgZUU4Y2pKINwZt/eZE0ziqeW/Huz8vVqzyOAhzCEZyABxdQhVuoQR0YKHiGV3hzjPPivDsfs9YlJ585gD9wPn8A3nmQWQ==</latexit><latexit sha1_base64="dqkQK4CRKzHs8VxjexeDzMA5WTo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXjwUMF+YBvKZrtpl242YXcilNB/4cWDIl79N978N27bHLT1wcDjvRlm5gWJFAZd99tZWl5ZXVsvbBQ3t7Z3dkt7+w0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB64jefuDYiVg84Srgf0b4SoWAUrfTYueES6emge9ctld2KOwVZJF5OypCj1i19dXoxSyOukElqTNtzE/QzqlEwycfFTmp4QtmQ9nnbUkUjbvxsevGYHFulR8JY21JIpurviYxGxoyiwHZGFAdm3puI/3ntFMNLPxMqSZErNlsUppJgTCbvk57QnKEcWUKZFvZWwgZUU4Y2pKINwZt/eZE0ziqeW/Huz8vVqzyOAhzCEZyABxdQhVuoQR0YKHiGV3hzjPPivDsfs9YlJ585gD9wPn8A3nmQWQ==</latexit><latexit sha1_base64="dqkQK4CRKzHs8VxjexeDzMA5WTo=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSIIQklEUG8FPXjwUMF+YBvKZrtpl242YXcilNB/4cWDIl79N978N27bHLT1wcDjvRlm5gWJFAZd99tZWl5ZXVsvbBQ3t7Z3dkt7+w0Tp5rxOotlrFsBNVwKxesoUPJWojmNAsmbwfB64jefuDYiVg84Srgf0b4SoWAUrfTYueES6emge9ctld2KOwVZJF5OypCj1i19dXoxSyOukElqTNtzE/QzqlEwycfFTmp4QtmQ9nnbUkUjbvxsevGYHFulR8JY21JIpurviYxGxoyiwHZGFAdm3puI/3ntFMNLPxMqSZErNlsUppJgTCbvk57QnKEcWUKZFvZWwgZUU4Y2pKINwZt/eZE0ziqeW/Huz8vVqzyOAhzCEZyABxdQhVuoQR0YKHiGV3hzjPPivDsfs9YlJ585gD9wPn8A3nmQWQ==</latexit>
b)
<latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit><latexit sha1_base64="2TB+z8DyIbzFsxfFjLuRNbHmHoE=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWegiuBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny0unZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G0yFJozlFNLKNPC3krYmGrK0IZTsiF4qy+vk3at6rlV775WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzByUFjQ4=</latexit>
a)
<latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit><latexit sha1_base64="4+9v0DSA2IYp+cMcO9WQZjiW6i8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE+0CNpZRzAckR9jb7CVL9vaO3TkhHPkHNhaK2PqP7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjv3O09cGxGrR5wm3I/oSIlQMIpWeqBXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNG7yOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOAjQ0=</latexit>
FIGURE 2.1: (a): Schematic diagram of the junction. Two SS electrodes with intrinsic exchange
fields hL, hR separated by a ballistic weak link. A tunneling probe is situated at x = 0. (b) Sketch of
the effective gaps for spin up/down electron when the left/right exchange fields hL/hR are configured
so that −hR > hL > 0.
bound states (ABSs) is the dominant contribution to the Josephson current [128]. The dependence of
the ABSs on the phase difference between the superconducting banks in SS/I/SS junctions remains
unexplored so far.
In the following we investigate in detail a single-channel Josephson weak link connecting two spin-split
superconducting leads. We focus on the dependence of sub-gap states on the superconducting phase
difference across a ballistic SS/I/SS junction with a tunneling barrier of arbitrary strength. We extend
the results [122–124] by demonstrating that any deviation from the case of equal exchange fields leads
to the complete disappearance of the ABSs in a finite range of the superconducting phase bias ϕ defined
by a critical phase ϕc such that |ϕ| < ϕc. This phenomenon originates in the spin dependent asymmetry
of the gaps in the left and right SS electrodes. As a consequence, within these interval the Josephson
current is carried exclusively by states in the continuous part of the spectrum. The value of ϕc does not
depend on the transmissivity of the junction and hence it is robust against imperfections.
2.1 SS/I/SS junction
We consider a Josephson junction consisting of two bulk SSs connected by a ballistic weak link (see
Fig. 2.1 a)). We model the weak link as a δ-function scattering potential with strength U . The corre-









∇2r − µ+ Uδ(x)− [Θ(−x)hL + Θ(x)hR] σ̂z, and (2.2)
∆̂(r) = iσ̂y∆[e−iϕ/2Θ(−x) + Θ(x)eiϕ/2]. (2.3)
The temperature dependent gap is modeled by the interpolation formula
∆ = ∆(T ) ∼= ∆0 tanh(1.74
√
(Tc/T )− 1) (2.4)
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'c
<latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit>
'/⇡
<latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit>
'/⇡
<latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit>
'/⇡
<latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit>
hL
<latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit>
<latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit>
hL
<latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit>
hL
<latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit><latexit sha1_base64="PjCOkbHq1Ni48QSxZKE92s9dYH8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6WHUv+uXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6btW7v6zUa3kcRTiBUzgHD66gDrfQgCYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBGKCNnw==</latexit>
<latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit><latexit sha1_base64="G/SpEbp11GcbYk14p5ljQMBupC8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx7jIw9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw6h/3y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhuI2l</latexit>
a)
<latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit>
b)
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FIGURE 2.2: Top panels (a) - (c) show Andreev bound state energies for (a) non-magnetic case
(black dashed line) and parallel orientation of the exchange fields (hL = hR = 0.3∆), (b) one side
of the junction with zero exchange field (hL = 0.3∆, hR = 0) and (c) anti-parallel orientation of
the exchange fields (hL = −hR = 0.3∆). The coloured regions correspond to the interval |φ| < φC
where there is no formation of Andreev bound states. The panels (d)-(f) show the corresponding
current phase relationships. Where applicable we separated the continuum and bound state contri-
bution to the total current (dashed red and dash-dotted blue lines). All plots are for τ = 1 and the
current versus phase relationships are calculated at T/Tc = 0.01.
, where Tc is the critical temperature for superconductivity. In Eq. (2.3), ϕ is the phase difference
between the order parameters of the superconductors, Θ(x) is the Heaviside step function, and δ(x) is
the Dirac delta function. We assume weak exchange fields so that the Clogston-Chandrasekhar criterion,
|hL,R| < ∆0/
√
2, is fulfilled, where ∆0 is the BCS gap at zero temperature and zero exchange field[87,
88]. We restrict ourselves to symmetric electrodes (in the absence of exchange fields) with equal gap
magnitudes, chemical potentials and effective masses on both sides of the junction. The only asymmetry
originates from the exchange fields in the left (L), right (R) superconducting leads, which are assumed to
be collinear, though with arbitrary values hL and hR. In this case the boundstate spectra can be obtained
analytically.
2.1.1 Andreev bound states
We solve Eq. (2.1) separately in the L and R region to construct the wave function across the junction
and determine the Andreev boundstate energies. In the bulk SS we obtain plane-wave solutions with
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<latexit sha1_base64="NiaHzvtK3o/2O9UCdn2T6y8wGf0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Bh8gMcI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+cS1EbF6wFHC/Yj2lQgFo2il1u1p54ZLpN1S2a24U5BF4uWkDDlq3dJXpxezNOIKmaTGtD03QT+jGgWTfFzspIYnlA1pn7ctVTTixs+m947JsVV6JIy1LYVkqv6eyGhkzCgKbGdEcWDmvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI86QnNGcqRJZRpYW8lbEA1ZWgjKtoQvPmXF0njrOK5Fe/+vFy9yuMowCEcwQl4cAFVuIMa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz9dRo+E</latexit><latexit sha1_base64="NiaHzvtK3o/2O9UCdn2T6y8wGf0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Bh8gMcI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+cS1EbF6wFHC/Yj2lQgFo2il1u1p54ZLpN1S2a24U5BF4uWkDDlq3dJXpxezNOIKmaTGtD03QT+jGgWTfFzspIYnlA1pn7ctVTTixs+m947JsVV6JIy1LYVkqv6eyGhkzCgKbGdEcWDmvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI86QnNGcqRJZRpYW8lbEA1ZWgjKtoQvPmXF0njrOK5Fe/+vFy9yuMowCEcwQl4cAFVuIMa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz9dRo+E</latexit><latexit sha1_base64="NiaHzvtK3o/2O9UCdn2T6y8wGf0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Bh8gMcI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+cS1EbF6wFHC/Yj2lQgFo2il1u1p54ZLpN1S2a24U5BF4uWkDDlq3dJXpxezNOIKmaTGtD03QT+jGgWTfFzspIYnlA1pn7ctVTTixs+m947JsVV6JIy1LYVkqv6eyGhkzCgKbGdEcWDmvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI86QnNGcqRJZRpYW8lbEA1ZWgjKtoQvPmXF0njrOK5Fe/+vFy9yuMowCEcwQl4cAFVuIMa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz9dRo+E</latexit><latexit sha1_base64="NiaHzvtK3o/2O9UCdn2T6y8wGf0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV0R9Bh8gMcI5gHJEmYns8mQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyG1xO/+cS1EbF6wFHC/Yj2lQgFo2il1u1p54ZLpN1S2a24U5BF4uWkDDlq3dJXpxezNOIKmaTGtD03QT+jGgWTfFzspIYnlA1pn7ctVTTixs+m947JsVV6JIy1LYVkqv6eyGhkzCgKbGdEcWDmvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI86QnNGcqRJZRpYW8lbEA1ZWgjKtoQvPmXF0njrOK5Fe/+vFy9yuMowCEcwQl4cAFVuIMa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz9dRo+E</latexit>
'/⇡
<latexit sha1_base64="9riWTSg0hRP60nHOzZLSMLr6tis=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx4r2A/YXUo2zbah2SQk2UIp/RlePCji1V/jzX9j2u5Bqw8GHu/NMDMvUZwZ6/tfXmltfWNzq7xd2dnd2z+oHh61jcw1oS0iudTdBBvKmaAtyyynXaUpzhJOO8nobu53xlQbJsWjnSgaZ3ggWMoItk4KozHWasguIsV61Zpf9xdAf0lQkBoUaPaqn1FfkjyjwhKOjQkDX9l4irVlhNNZJcoNVZiM8ICGjgqcURNPFyfP0JlT+iiV2pWwaKH+nJjizJhJlrjODNuhWfXm4n9emNv0Jp4yoXJLBVkuSnOOrETz/1GfaUosnziCiWbuVkSGWGNiXUoVF0Kw+vJf0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktICDhCV7g1bPes/fmvS9bS14xcwy/4H18AzggkTI=</latexit><latexit sha1_base64="9riWTSg0hRP60nHOzZLSMLr6tis=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx4r2A/YXUo2zbah2SQk2UIp/RlePCji1V/jzX9j2u5Bqw8GHu/NMDMvUZwZ6/tfXmltfWNzq7xd2dnd2z+oHh61jcw1oS0iudTdBBvKmaAtyyynXaUpzhJOO8nobu53xlQbJsWjnSgaZ3ggWMoItk4KozHWasguIsV61Zpf9xdAf0lQkBoUaPaqn1FfkjyjwhKOjQkDX9l4irVlhNNZJcoNVZiM8ICGjgqcURNPFyfP0JlT+iiV2pWwaKH+nJjizJhJlrjODNuhWfXm4n9emNv0Jp4yoXJLBVkuSnOOrETz/1GfaUosnziCiWbuVkSGWGNiXUoVF0Kw+vJf0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktICDhCV7g1bPes/fmvS9bS14xcwy/4H18AzggkTI=</latexit><latexit sha1_base64="9riWTSg0hRP60nHOzZLSMLr6tis=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx4r2A/YXUo2zbah2SQk2UIp/RlePCji1V/jzX9j2u5Bqw8GHu/NMDMvUZwZ6/tfXmltfWNzq7xd2dnd2z+oHh61jcw1oS0iudTdBBvKmaAtyyynXaUpzhJOO8nobu53xlQbJsWjnSgaZ3ggWMoItk4KozHWasguIsV61Zpf9xdAf0lQkBoUaPaqn1FfkjyjwhKOjQkDX9l4irVlhNNZJcoNVZiM8ICGjgqcURNPFyfP0JlT+iiV2pWwaKH+nJjizJhJlrjODNuhWfXm4n9emNv0Jp4yoXJLBVkuSnOOrETz/1GfaUosnziCiWbuVkSGWGNiXUoVF0Kw+vJf0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktICDhCV7g1bPes/fmvS9bS14xcwy/4H18AzggkTI=</latexit><latexit sha1_base64="9riWTSg0hRP60nHOzZLSMLr6tis=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx4r2A/YXUo2zbah2SQk2UIp/RlePCji1V/jzX9j2u5Bqw8GHu/NMDMvUZwZ6/tfXmltfWNzq7xd2dnd2z+oHh61jcw1oS0iudTdBBvKmaAtyyynXaUpzhJOO8nobu53xlQbJsWjnSgaZ3ggWMoItk4KozHWasguIsV61Zpf9xdAf0lQkBoUaPaqn1FfkjyjwhKOjQkDX9l4irVlhNNZJcoNVZiM8ICGjgqcURNPFyfP0JlT+iiV2pWwaKH+nJjizJhJlrjODNuhWfXm4n9emNv0Jp4yoXJLBVkuSnOOrETz/1GfaUosnziCiWbuVkSGWGNiXUoVF0Kw+vJf0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktICDhCV7g1bPes/fmvS9bS14xcwy/4H18AzggkTI=</latexit>
0.5
<latexit sha1_base64="OUJUn8ExMWpEa5SPY+lX8eqDy+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7j33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBW140i</latexit><latexit sha1_base64="OUJUn8ExMWpEa5SPY+lX8eqDy+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7j33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBW140i</latexit><latexit sha1_base64="OUJUn8ExMWpEa5SPY+lX8eqDy+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7j33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBW140i</latexit><latexit sha1_base64="OUJUn8ExMWpEa5SPY+lX8eqDy+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7j33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBW140i</latexit>
1.0
<latexit sha1_base64="IzmTeS19+/bA3KyQFmPzWGWPS6I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUG8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6W19Y3NrfJ2ZWd3b/+genjUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Ob2d++4lrIxL1iJOUBzEdKhEJRtFKD77r9as1z/XmIKvEL0gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktaF63uuf39Zq98UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1DJjR4=</latexit><latexit sha1_base64="IzmTeS19+/bA3KyQFmPzWGWPS6I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUG8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6W19Y3NrfJ2ZWd3b/+genjUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Ob2d++4lrIxL1iJOUBzEdKhEJRtFKD77r9as1z/XmIKvEL0gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktaF63uuf39Zq98UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1DJjR4=</latexit><latexit sha1_base64="IzmTeS19+/bA3KyQFmPzWGWPS6I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUG8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6W19Y3NrfJ2ZWd3b/+genjUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Ob2d++4lrIxL1iJOUBzEdKhEJRtFKD77r9as1z/XmIKvEL0gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktaF63uuf39Zq98UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1DJjR4=</latexit><latexit sha1_base64="IzmTeS19+/bA3KyQFmPzWGWPS6I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUG8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6W19Y3NrfJ2ZWd3b/+genjUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Ob2d++4lrIxL1iJOUBzEdKhEJRtFKD77r9as1z/XmIKvEL0gNCjT61a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktaF63uuf39Zq98UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1DJjR4=</latexit>
1.5
<latexit sha1_base64="kthv1jIpKsesYWJ+a5s7BbGigdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7n33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBYXY0j</latexit><latexit sha1_base64="kthv1jIpKsesYWJ+a5s7BbGigdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7n33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBYXY0j</latexit><latexit sha1_base64="kthv1jIpKsesYWJ+a5s7BbGigdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7n33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBYXY0j</latexit><latexit sha1_base64="kthv1jIpKsesYWJ+a5s7BbGigdw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfJmZWt7Z3evun/waJJMM95kiUx0O6SGS6F4EwVK3k41p3EoeSsc3Uz91hPXRiTqAccpD2I6UCISjKKV7n33oletea43A1kmfkFqUKDRq351+wnLYq6QSWpMx/dSDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oScWKVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo6sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BX3x5mTyeub7n+nfntfp1EUcZjuAYTsGHS6jDLTSgCQwG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwBYXY0j</latexit>
2.0
<latexit sha1_base64="2q0JAQoSbSoKASB2U+P+HccqwPY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkkR1FvBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+CwcnTc0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz0UHO9fqXqud4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNkFNlOBM4LfcyjSllYzrErqWSxqiDfH7qlJxbZUCiRNmShszV3xM5jbWexKHtjKkZ6WVvJv7ndTMTXQc5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiH4yy+vklbN9T3Xv7+s1m+KOEpwCmdwAT5cQR3uoAFNYDCEZ3iFN0c4L86787FoXXOKmRP4A+fzB1JPjR8=</latexit><latexit sha1_base64="2q0JAQoSbSoKASB2U+P+HccqwPY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkkR1FvBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+CwcnTc0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz0UHO9fqXqud4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNkFNlOBM4LfcyjSllYzrErqWSxqiDfH7qlJxbZUCiRNmShszV3xM5jbWexKHtjKkZ6WVvJv7ndTMTXQc5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiH4yy+vklbN9T3Xv7+s1m+KOEpwCmdwAT5cQR3uoAFNYDCEZ3iFN0c4L86787FoXXOKmRP4A+fzB1JPjR8=</latexit><latexit sha1_base64="2q0JAQoSbSoKASB2U+P+HccqwPY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkkR1FvBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+CwcnTc0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz0UHO9fqXqud4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNkFNlOBM4LfcyjSllYzrErqWSxqiDfH7qlJxbZUCiRNmShszV3xM5jbWexKHtjKkZ6WVvJv7ndTMTXQc5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiH4yy+vklbN9T3Xv7+s1m+KOEpwCmdwAT5cQR3uoAFNYDCEZ3iFN0c4L86787FoXXOKmRP4A+fzB1JPjR8=</latexit><latexit sha1_base64="2q0JAQoSbSoKASB2U+P+HccqwPY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4CkkR1FvBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+nbX1jc2t7dJOeXdv/+CwcnTc0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz0UHO9fqXqud4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNkFNlOBM4LfcyjSllYzrErqWSxqiDfH7qlJxbZUCiRNmShszV3xM5jbWexKHtjKkZ6WVvJv7ndTMTXQc5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiH4yy+vklbN9T3Xv7+s1m+KOEpwCmdwAT5cQR3uoAFNYDCEZ3iFN0c4L86787FoXXOKmRP4A+fzB1JPjR8=</latexit>
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FIGURE 2.3: Discrete part of the spectrum of a SS/N/SS junction as a function of the phase across
the junction in the anti-parallel configuration (hL = −hR = 0.2) for three different lengths of the













iφν , 0, 0, uν↑)
T, (2.5b)
φνe,↓ = (0,−uν↓eiφν , vν↓ , 0)T, (2.5c)
φνh,↓ = (0,−vν↓eiφν , uν↓ , 0)T . (2.5d)














2 −∆2 and Eνσ = E + σhν , (ν = L,R).
We use these piecewise solutions to construct the wave function ansatz for a spin-σ electron-like quasi-
particle incident from the left SS with wavevector keσ. In the following we consider a narrow wire
































For x < 0, Eq. (2.6) describes the superposition of an incident electron-like quasiparticle with an An-
dreev reflected hole-like quasiparticle with amplitude rσσ
′
eh and a reflected electron-like quasiparticle with
amplitude rσσ
′





eh , respectively. The ansatz for an incident hole-like spin σ quasiparticle Ψh,σ(r)




hh etc. We work within the Andreev approximation
by assuming that µ  max (E,∆, |hν |), so that the electron and hole quasiparticle wavevectors can be
regarded as approximately equal in magnitude, keσ ≈ khσ ≈ kF.
The probability amplitudes in Eq. (2.6) for the various processes are calculated requiring the continuity
of the wave function and a finite jump of the derivative at the interface. In particular the Andreev
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σ −∆2 cosϕ+ (1 + 2Z2)ΩLσΩRσ
and rσσhe (ϕ) = r
σσ
eh (−ϕ). (2.7)
We introduced the dimensionless strength of the scattering potential Z = 2mU/kF~2 [70]. The param-
eter Z is related to the transmission τ of the barrier as τ = 1/(1 + Z2).
The the discrete Andreev bound state (ABS) spectrum coincides with the poles of the Andreev reflec-
tion coefficients. We start by analyzing the spectrum of a short junction with a perfect transmission
coefficient (τ = 1), thereby recovering the well-known phase dependence of the ABS energy in a short
S/N/S junction without spin-splitting fields (Fig. 2.2 a), black-dashed line). In the case of parallel ex-
change fields equal in magnitude (hL = hR) we find a splitting of the ABS energy-phase relationship of
magnitude |hL+hR| between spin-up and spin-down quasiparticles (Fig. 2.2 a), red and blue solid-lines).
By lowering the value of one of the exchange fields while keeping the other fixed, the ABSs disappear
within finite intervals of the phase difference ϕ (Figs. 2.2 b), 2.2 c)). Moreover this behaviour is inde-
pendent of the transmission of the barrier. The minimal phase difference ϕc = arccos(1−|hL−hR|/∆)
for which bound-states exist depends only on the difference between the exchange fields. In short, the
ABSs are found only in the interval ϕ ∈ [ϕc, 2π − ϕc]. At the same time we observe a reduction of the
gap.
One can provide a physical interpretation for the reduction of the gap and disappearance of ABS for
some phase ranges: For illustration we consider a spin-up quasiparticle with positive energy coming
from the left electrode [c.f. Fig. 2.1 b)], in the parameter regime with hL > 0 > hR, |hR| > |hL|.
This quasiparticle encounters a reduced gap in the left SS of magnitude ∆ − hL and an enhanced gap
of magnitude ∆ − hR in the right SS. If the quasiparticle energy is higher than the energy of the left
gap and lower than the right one, it can be Andreev reflected only at the right SS and ABSs can not be
formed. The process for a spin-down quasiparticle incoming from the right electrode is analogous. The
same picture applies for quasiparticles with energies E < 0 and can be modified to any case of collinear
orientation of the exchange fields. This scenario is very similar to the case of a junction between two
superconductors with gaps different in magnitude [129], where the existence of the ABSs was shown to
be set by the smaller gap, but was completely spin independent. In the case of SSs leads, the distinct
exchange fields induce the asymmetry between the gaps, which is different for spin up or spin down
quasiparticles (Fig. 2.1 b)).
The above results where obtained for short weak links, i.e. for L ~vF/∆, where L is the length of the
normal region separating the two superconducting leads, and vF is the Fermi velocity. We now discuss
whether the previous picture (spin dependent reduced gaps and disappearance of ABS) holds for longer
junctions. For arbitrary lengths of the junction and a fully transparent link (U = 0), the critical phase can
be obtained by analyzing the Bohr-Sommerfeld quantization condition for the SS/N/SS junction, where












= 2nπ , (2.8)
49
2.1. SS/I/SS junction
with n ∈ Z. Note that the spin-splitting of the gaps (being a bulk property of the SS leads) is independent
of the lengthL. In the short junction limit (L ~vF/∆), one recovers the critical phaseϕc = arccos(1−
|hL − hR|/∆) introduced earlier. From Eq. (2.8) we can also infer the dependence of the critical phase
on the length L of the weak link: ϕc decreases as the length L is increased, and ϕc → 0, for lengths
exceeding the superconducting coherence length ξ = ~vF/∆ (Fig. 2.3). Indeed in the long junction
limit, even if the highest ABS merges into the continuum, there are other ABS (with lower energies)
which are still defined for all values of the phase. Note that the study of ABSs associated with the Bohr-
Sommerfeld quantization condition Eq. (2.8) can be generalized to the case of a spin-active weak link
using the formalism developed in Ref. [130].
2.1.2 Local density of states
Direct insight about states for all phases can also be obtained by calculating the local density of states
(LDOS) of the junction. The LDOS at the tunneling barrier can be related to the (1, 1) component of the










The complete Green’s function of the junction can be built from the scattering solutions Eq. (2.6) [74]
as introduced in Sec. 1.2.2. The retarded Green’s function in the left superconductor (x < 0) reads:





























































. It carries the complete information about the system and allows the computation
of the phase dependent local density of states and the Josephson current [128, 131]. The spectrum
of the Josephson junction is directly related to the poles of the Green’s function: the discrete Andreev
bound states coincide with poles of the Andreev reflection coefficients Eq. (2.7), while the branch cuts















where the atomic scale oscillations of ρ(E) are assumed to be averaged out [132]. In Fig. 2.4 we show
the LDOS contributions from spin-σ quasiparticles in the cases of parallel and anti-parallel orientations
of the exchange fields and perfect transmission τ = 1.
In the parallel case and ϕ = 0, we obtain (as expected) the spectrum of a bulk SS with the two spin-
split BCS densities of states with coherence peaks at E = ±(∆ + σh) (Fig. 2.4 a)). For a finite phase
difference between the SSs, spin-split ABSs appear. The peaks corresponding to hole- and electron-like
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quasiparticles with spin σ are centered around E = σ|hν | (red (blue) lines in the left column in Fig. 2.4)
and merge at this energy when approaching ϕ = π.
In the anti-parallel case and |ϕ| < ϕc (see Fig. 2.4 f) and 2.4 g)) the spectrum deviates drastically from
the BCS-like spectrum and no BCS coherent peaks are observed. At the critical value of the phase ϕc
these peaks appear at energies ±(∆− |hν |). The two peaks corresponding to ABSs merge into a single
peak at ϕ = π (Fig. 2.4 j)).
For imperfect transmission (τ < 1) and parallel configuration of the exchange fields (hR = hL = h)
(Fig. 2.5 a) the energy difference between the spin polarized ABSs remains the same as in the τ = 1 case
In contrast, in the anti-parallel case there is no splitting of the ABSs. In both cases there are avoided
energy crossings at ϕ = π due to finite backscattering. Noticeably, neither the spin-splitting nor the
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' = ⇡
<latexit sha1_base64="Su4HXQMQL6K1TIsvXva6N2/HWs0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0mKoBeh4MVjBfsBTSib7aZdutksu5tCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXiQ508bzvp2Nza3tnd3SXnn/4PCo4h6ftHWaKUJbJOWp6kZYU84EbRlmOO1KRXEScdqJxndzvzOhSrNUPJqppGGCh4LFjGBjpb5byYMJVnLEZrd5INms71a9mrcAWid+QapQoNl3v4JBSrKECkM41rrne9KEOVaGEU5n5SDTVGIyxkPas1TghOowXxw+QxdWGaA4VbaEQQv190SOE62nSWQ7E2xGetWbi/95vczEN2HOhMwMFWS5KM44Mimap4AGTFFi+NQSTBSztyIywgoTY7Mq2xD81ZfXSbte872a/3BVbdSLOEpwBudwCT5cQwPuoQktIJDBM7zCm/PkvDjvzseydcMpZk7hD5zPH1pEk3k=</latexit><latexit sha1_base64="Su4HXQMQL6K1TIsvXva6N2/HWs0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0mKoBeh4MVjBfsBTSib7aZdutksu5tCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXiQ508bzvp2Nza3tnd3SXnn/4PCo4h6ftHWaKUJbJOWp6kZYU84EbRlmOO1KRXEScdqJxndzvzOhSrNUPJqppGGCh4LFjGBjpb5byYMJVnLEZrd5INms71a9mrcAWid+QapQoNl3v4JBSrKECkM41rrne9KEOVaGEU5n5SDTVGIyxkPas1TghOowXxw+QxdWGaA4VbaEQQv190SOE62nSWQ7E2xGetWbi/95vczEN2HOhMwMFWS5KM44Mimap4AGTFFi+NQSTBSztyIywgoTY7Mq2xD81ZfXSbte872a/3BVbdSLOEpwBudwCT5cQwPuoQktIJDBM7zCm/PkvDjvzseydcMpZk7hD5zPH1pEk3k=</latexit><latexit sha1_base64="Su4HXQMQL6K1TIsvXva6N2/HWs0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0mKoBeh4MVjBfsBTSib7aZdutksu5tCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXiQ508bzvp2Nza3tnd3SXnn/4PCo4h6ftHWaKUJbJOWp6kZYU84EbRlmOO1KRXEScdqJxndzvzOhSrNUPJqppGGCh4LFjGBjpb5byYMJVnLEZrd5INms71a9mrcAWid+QapQoNl3v4JBSrKECkM41rrne9KEOVaGEU5n5SDTVGIyxkPas1TghOowXxw+QxdWGaA4VbaEQQv190SOE62nSWQ7E2xGetWbi/95vczEN2HOhMwMFWS5KM44Mimap4AGTFFi+NQSTBSztyIywgoTY7Mq2xD81ZfXSbte872a/3BVbdSLOEpwBudwCT5cQwPuoQktIJDBM7zCm/PkvDjvzseydcMpZk7hD5zPH1pEk3k=</latexit><latexit sha1_base64="Su4HXQMQL6K1TIsvXva6N2/HWs0=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0mKoBeh4MVjBfsBTSib7aZdutksu5tCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXiQ508bzvp2Nza3tnd3SXnn/4PCo4h6ftHWaKUJbJOWp6kZYU84EbRlmOO1KRXEScdqJxndzvzOhSrNUPJqppGGCh4LFjGBjpb5byYMJVnLEZrd5INms71a9mrcAWid+QapQoNl3v4JBSrKECkM41rrne9KEOVaGEU5n5SDTVGIyxkPas1TghOowXxw+QxdWGaA4VbaEQQv190SOE62nSWQ7E2xGetWbi/95vczEN2HOhMwMFWS5KM44Mimap4AGTFFi+NQSTBSztyIywgoTY7Mq2xD81ZfXSbte872a/3BVbdSLOEpwBudwCT5cQwPuoQktIJDBM7zCm/PkvDjvzseydcMpZk7hD5zPH1pEk3k=</latexit>
' = 0
<latexit sha1_base64="vGs8/dpOyaYbPlUyDnDGtXBmenw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvHisYD8gDWWz3bRLN9mwOymU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhakUBl3329nY3Nre2S3tlfcPDo+OKyenbaMyzXiLKal0N6SGS5HwFgqUvJtqTuNQ8k44vp/7nQnXRqjkCacpD2I6TEQkGEUr+XlvQnU6ErM7t1+pujV3AbJOvIJUoUCzX/nqDRTLYp4gk9QY33NTDHKqUTDJZ+VeZnhK2ZgOuW9pQmNugnxx8oxcWmVAIqVtJUgW6u+JnMbGTOPQdsYUR2bVm4v/eX6G0W2QiyTNkCdsuSjKJEFF5v+TgdCcoZxaQpkW9lbCRlRThjalsg3BW315nbTrNc+teY/X1Ua9iKME53ABV+DBDTTgAZrQAgYKnuEV3hx0Xpx352PZuuEUM2fwB87nDzY+kSM=</latexit><latexit sha1_base64="vGs8/dpOyaYbPlUyDnDGtXBmenw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvHisYD8gDWWz3bRLN9mwOymU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhakUBl3329nY3Nre2S3tlfcPDo+OKyenbaMyzXiLKal0N6SGS5HwFgqUvJtqTuNQ8k44vp/7nQnXRqjkCacpD2I6TEQkGEUr+XlvQnU6ErM7t1+pujV3AbJOvIJUoUCzX/nqDRTLYp4gk9QY33NTDHKqUTDJZ+VeZnhK2ZgOuW9pQmNugnxx8oxcWmVAIqVtJUgW6u+JnMbGTOPQdsYUR2bVm4v/eX6G0W2QiyTNkCdsuSjKJEFF5v+TgdCcoZxaQpkW9lbCRlRThjalsg3BW315nbTrNc+teY/X1Ua9iKME53ABV+DBDTTgAZrQAgYKnuEV3hx0Xpx352PZuuEUM2fwB87nDzY+kSM=</latexit><latexit sha1_base64="vGs8/dpOyaYbPlUyDnDGtXBmenw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvHisYD8gDWWz3bRLN9mwOymU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhakUBl3329nY3Nre2S3tlfcPDo+OKyenbaMyzXiLKal0N6SGS5HwFgqUvJtqTuNQ8k44vp/7nQnXRqjkCacpD2I6TEQkGEUr+XlvQnU6ErM7t1+pujV3AbJOvIJUoUCzX/nqDRTLYp4gk9QY33NTDHKqUTDJZ+VeZnhK2ZgOuW9pQmNugnxx8oxcWmVAIqVtJUgW6u+JnMbGTOPQdsYUR2bVm4v/eX6G0W2QiyTNkCdsuSjKJEFF5v+TgdCcoZxaQpkW9lbCRlRThjalsg3BW315nbTrNc+teY/X1Ua9iKME53ABV+DBDTTgAZrQAgYKnuEV3hx0Xpx352PZuuEUM2fwB87nDzY+kSM=</latexit><latexit sha1_base64="vGs8/dpOyaYbPlUyDnDGtXBmenw=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvHisYD8gDWWz3bRLN9mwOymU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhakUBl3329nY3Nre2S3tlfcPDo+OKyenbaMyzXiLKal0N6SGS5HwFgqUvJtqTuNQ8k44vp/7nQnXRqjkCacpD2I6TEQkGEUr+XlvQnU6ErM7t1+pujV3AbJOvIJUoUCzX/nqDRTLYp4gk9QY33NTDHKqUTDJZ+VeZnhK2ZgOuW9pQmNugnxx8oxcWmVAIqVtJUgW6u+JnMbGTOPQdsYUR2bVm4v/eX6G0W2QiyTNkCdsuSjKJEFF5v+TgdCcoZxaQpkW9lbCRlRThjalsg3BW315nbTrNc+teY/X1Ua9iKME53ABV+DBDTTgAZrQAgYKnuEV3hx0Xpx352PZuuEUM2fwB87nDzY+kSM=</latexit>
'c
<latexit sha1_base64="l3yEJkmepH+rxxNaeWGEsCj+iDw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMxsIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6m/utMWrDE/VoJymGkg4Ujzmj1klP3THV6ZD3WK9U9iv+AmSdBDkpQ456r/TV7Scsk6gsE9SYTuCnNpxSbTkTOCt2M4MpZSM6wI6jiko04XRx8IxcOqVP4kS7UpYs1N8TUyqNmcjIdUpqh2bVm4v/eZ3MxrfhlKs0s6jYclGcCWITMv+e9LlGZsXEEco0d7cSNqSaMusyKroQgtWX10mzWgn8SvBwXa5V8zgKcA4XcAUB3EAN7qEODWAg4Rle4c3T3ov37n0sWze8fOYM/sD7/AHsnpBs</latexit><latexit sha1_base64="l3yEJkmepH+rxxNaeWGEsCj+iDw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMxsIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6m/utMWrDE/VoJymGkg4Ujzmj1klP3THV6ZD3WK9U9iv+AmSdBDkpQ456r/TV7Scsk6gsE9SYTuCnNpxSbTkTOCt2M4MpZSM6wI6jiko04XRx8IxcOqVP4kS7UpYs1N8TUyqNmcjIdUpqh2bVm4v/eZ3MxrfhlKs0s6jYclGcCWITMv+e9LlGZsXEEco0d7cSNqSaMusyKroQgtWX10mzWgn8SvBwXa5V8zgKcA4XcAUB3EAN7qEODWAg4Rle4c3T3ov37n0sWze8fOYM/sD7/AHsnpBs</latexit><latexit sha1_base64="l3yEJkmepH+rxxNaeWGEsCj+iDw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMxsIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6m/utMWrDE/VoJymGkg4Ujzmj1klP3THV6ZD3WK9U9iv+AmSdBDkpQ456r/TV7Scsk6gsE9SYTuCnNpxSbTkTOCt2M4MpZSM6wI6jiko04XRx8IxcOqVP4kS7UpYs1N8TUyqNmcjIdUpqh2bVm4v/eZ3MxrfhlKs0s6jYclGcCWITMv+e9LlGZsXEEco0d7cSNqSaMusyKroQgtWX10mzWgn8SvBwXa5V8zgKcA4XcAUB3EAN7qEODWAg4Rle4c3T3ov37n0sWze8fOYM/sD7/AHsnpBs</latexit><latexit sha1_base64="l3yEJkmepH+rxxNaeWGEsCj+iDw=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME85BkCbOT3mTIzOwyMxsIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmGvuH9weHRcOjltmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6m/utMWrDE/VoJymGkg4Ujzmj1klP3THV6ZD3WK9U9iv+AmSdBDkpQ456r/TV7Scsk6gsE9SYTuCnNpxSbTkTOCt2M4MpZSM6wI6jiko04XRx8IxcOqVP4kS7UpYs1N8TUyqNmcjIdUpqh2bVm4v/eZ3MxrfhlKs0s6jYclGcCWITMv+e9LlGZsXEEco0d7cSNqSaMusyKroQgtWX10mzWgn8SvBwXa5V8zgKcA4XcAUB3EAN7qEODWAg4Rle4c3T3ov37n0sWze8fOYM/sD7/AHsnpBs</latexit>
⇢ /⇢0
<latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit>
hL =  hR
<latexit sha1_base64="Bxifm43P5kw63JuAVtzNdAekmwk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgl6EghcPHqqYttCGsNlumqWbTdzdCCX0T3jxoIhX/443/43bNgdtfTDweG+GmXlBypnStv1tlVZW19Y3ypuVre2d3b3q/kFbJZkk1CUJT2Q3wIpyJqirmea0m0qK44DTTjC6nvqdJyoVS8SDHqfUi/FQsJARrI3Ujfzbq7PIv/erNbtuz4CWiVOQGhRo+dWv/iAhWUyFJhwr1XPsVHs5lpoRTieVfqZoiskID2nPUIFjqrx8du8EnRhlgMJEmhIazdTfEzmOlRrHgemMsY7UojcV//N6mQ4vvZyJNNNUkPmiMONIJ2j6PBowSYnmY0MwkczcikiEJSbaRFQxITiLLy+TdqPu2HXn7rzWbBRxlOEIjuEUHLiAJtxAC1wgwOEZXuHNerRerHfrY95asoqZQ/gD6/MHIsqPUA==</latexit><latexit sha1_base64="Bxifm43P5kw63JuAVtzNdAekmwk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgl6EghcPHqqYttCGsNlumqWbTdzdCCX0T3jxoIhX/443/43bNgdtfTDweG+GmXlBypnStv1tlVZW19Y3ypuVre2d3b3q/kFbJZkk1CUJT2Q3wIpyJqirmea0m0qK44DTTjC6nvqdJyoVS8SDHqfUi/FQsJARrI3Ujfzbq7PIv/erNbtuz4CWiVOQGhRo+dWv/iAhWUyFJhwr1XPsVHs5lpoRTieVfqZoiskID2nPUIFjqrx8du8EnRhlgMJEmhIazdTfEzmOlRrHgemMsY7UojcV//N6mQ4vvZyJNNNUkPmiMONIJ2j6PBowSYnmY0MwkczcikiEJSbaRFQxITiLLy+TdqPu2HXn7rzWbBRxlOEIjuEUHLiAJtxAC1wgwOEZXuHNerRerHfrY95asoqZQ/gD6/MHIsqPUA==</latexit><latexit sha1_base64="Bxifm43P5kw63JuAVtzNdAekmwk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgl6EghcPHqqYttCGsNlumqWbTdzdCCX0T3jxoIhX/443/43bNgdtfTDweG+GmXlBypnStv1tlVZW19Y3ypuVre2d3b3q/kFbJZkk1CUJT2Q3wIpyJqirmea0m0qK44DTTjC6nvqdJyoVS8SDHqfUi/FQsJARrI3Ujfzbq7PIv/erNbtuz4CWiVOQGhRo+dWv/iAhWUyFJhwr1XPsVHs5lpoRTieVfqZoiskID2nPUIFjqrx8du8EnRhlgMJEmhIazdTfEzmOlRrHgemMsY7UojcV//N6mQ4vvZyJNNNUkPmiMONIJ2j6PBowSYnmY0MwkczcikiEJSbaRFQxITiLLy+TdqPu2HXn7rzWbBRxlOEIjuEUHLiAJtxAC1wgwOEZXuHNerRerHfrY95asoqZQ/gD6/MHIsqPUA==</latexit><latexit sha1_base64="Bxifm43P5kw63JuAVtzNdAekmwk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgl6EghcPHqqYttCGsNlumqWbTdzdCCX0T3jxoIhX/443/43bNgdtfTDweG+GmXlBypnStv1tlVZW19Y3ypuVre2d3b3q/kFbJZkk1CUJT2Q3wIpyJqirmea0m0qK44DTTjC6nvqdJyoVS8SDHqfUi/FQsJARrI3Ujfzbq7PIv/erNbtuz4CWiVOQGhRo+dWv/iAhWUyFJhwr1XPsVHs5lpoRTieVfqZoiskID2nPUIFjqrx8du8EnRhlgMJEmhIazdTfEzmOlRrHgemMsY7UojcV//N6mQ4vvZyJNNNUkPmiMONIJ2j6PBowSYnmY0MwkczcikiEJSbaRFQxITiLLy+TdqPu2HXn7rzWbBRxlOEIjuEUHLiAJtxAC1wgwOEZXuHNerRerHfrY95asoqZQ/gD6/MHIsqPUA==</latexit>
⇢"/⇢0
<latexit sha1_base64="eOoZavT6Hf8dMAYCHeBv3A/Y10A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5oUQZcFNy4r2Ac0IUymk3boZCbMTJRair/ixoUibv0Pd/6N0zQLbT1w4cw59zL3nihlVGnX/bZKK6tr6xvlzcrW9s7unr1/0FYik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRtczv3NPpKKC3+lxSoIEDTiNKUbaSKF95MuhCP0sRVKKh/P85YZ21a25OZxl4hWkCgWaof3l9wXOEsI1ZkipnuemOpggqSlmZFrxM0VShEdoQHqGcpQQFUzy7afOqVH6TiykKa6dXP09MUGJUuMkMp0J0kO16M3E/7xepuOrYEJ5mmnC8fyjOGOOFs4sCqdPJcGajQ1BWFKzq4OHSCKsTWAVE4K3ePIyaddrnlvzbi+qjXoRRxmO4QTOwINLaMANNKEFGB7hGV7hzXqyXqx362PeWrKKmUP4A+vzB4u/lTY=</latexit><latexit sha1_base64="eOoZavT6Hf8dMAYCHeBv3A/Y10A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5oUQZcFNy4r2Ac0IUymk3boZCbMTJRair/ixoUibv0Pd/6N0zQLbT1w4cw59zL3nihlVGnX/bZKK6tr6xvlzcrW9s7unr1/0FYik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRtczv3NPpKKC3+lxSoIEDTiNKUbaSKF95MuhCP0sRVKKh/P85YZ21a25OZxl4hWkCgWaof3l9wXOEsI1ZkipnuemOpggqSlmZFrxM0VShEdoQHqGcpQQFUzy7afOqVH6TiykKa6dXP09MUGJUuMkMp0J0kO16M3E/7xepuOrYEJ5mmnC8fyjOGOOFs4sCqdPJcGajQ1BWFKzq4OHSCKsTWAVE4K3ePIyaddrnlvzbi+qjXoRRxmO4QTOwINLaMANNKEFGB7hGV7hzXqyXqx362PeWrKKmUP4A+vzB4u/lTY=</latexit><latexit sha1_base64="eOoZavT6Hf8dMAYCHeBv3A/Y10A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5oUQZcFNy4r2Ac0IUymk3boZCbMTJRair/ixoUibv0Pd/6N0zQLbT1w4cw59zL3nihlVGnX/bZKK6tr6xvlzcrW9s7unr1/0FYik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRtczv3NPpKKC3+lxSoIEDTiNKUbaSKF95MuhCP0sRVKKh/P85YZ21a25OZxl4hWkCgWaof3l9wXOEsI1ZkipnuemOpggqSlmZFrxM0VShEdoQHqGcpQQFUzy7afOqVH6TiykKa6dXP09MUGJUuMkMp0J0kO16M3E/7xepuOrYEJ5mmnC8fyjOGOOFs4sCqdPJcGajQ1BWFKzq4OHSCKsTWAVE4K3ePIyaddrnlvzbi+qjXoRRxmO4QTOwINLaMANNKEFGB7hGV7hzXqyXqx362PeWrKKmUP4A+vzB4u/lTY=</latexit><latexit sha1_base64="eOoZavT6Hf8dMAYCHeBv3A/Y10A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5oUQZcFNy4r2Ac0IUymk3boZCbMTJRair/ixoUibv0Pd/6N0zQLbT1w4cw59zL3nihlVGnX/bZKK6tr6xvlzcrW9s7unr1/0FYik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRtczv3NPpKKC3+lxSoIEDTiNKUbaSKF95MuhCP0sRVKKh/P85YZ21a25OZxl4hWkCgWaof3l9wXOEsI1ZkipnuemOpggqSlmZFrxM0VShEdoQHqGcpQQFUzy7afOqVH6TiykKa6dXP09MUGJUuMkMp0J0kO16M3E/7xepuOrYEJ5mmnC8fyjOGOOFs4sCqdPJcGajQ1BWFKzq4OHSCKsTWAVE4K3ePIyaddrnlvzbi+qjXoRRxmO4QTOwINLaMANNKEFGB7hGV7hzXqyXqx362PeWrKKmUP4A+vzB4u/lTY=</latexit>
⇢# ⇢0
<latexit sha1_base64="CdyGEFb6HQPDrM0PI/pK48GebGM=">AAAB/3icbVC7TsMwFL0pr1JeASQWlogKiakkFRKMlVgYi0RbpDaKHNdprTp2ZDtUVejAr7AwgBArv8HG3+CmGaDlSJaOz7n3+vqECaNKu+63VVpZXVvfKG9WtrZ3dvfs/YO2EqnEpIUFE/I+RIowyklLU83IfSIJikNGOuHoeuZ3HohUVPA7PUmIH6MBpxHFSBspsI96ciiCXl+MOZJSjM/zuxvYVbfm5nCWiVeQKhRoBvaXmYHTmHCNGVKq67mJ9jMkNcWMTCu9VJEE4REakK6hHMVE+Vm+/9Q5NUrfiYQ0h2snV393ZChWahKHpjJGeqgWvZn4n9dNdXTlZ5QnqSYczx+KUuZo4czCcPpUEqzZxBCEJTW7OniIJMLaRFYxIXiLX14m7XrNc2ve7UW1US/iKMMxnMAZeHAJDbiBJrQAwyM8wyu8WU/Wi/VufcxLS1bRcwh/YH3+ACatlh0=</latexit><latexit sha1_base64="CdyGEFb6HQPDrM0PI/pK48GebGM=">AAAB/3icbVC7TsMwFL0pr1JeASQWlogKiakkFRKMlVgYi0RbpDaKHNdprTp2ZDtUVejAr7AwgBArv8HG3+CmGaDlSJaOz7n3+vqECaNKu+63VVpZXVvfKG9WtrZ3dvfs/YO2EqnEpIUFE/I+RIowyklLU83IfSIJikNGOuHoeuZ3HohUVPA7PUmIH6MBpxHFSBspsI96ciiCXl+MOZJSjM/zuxvYVbfm5nCWiVeQKhRoBvaXmYHTmHCNGVKq67mJ9jMkNcWMTCu9VJEE4REakK6hHMVE+Vm+/9Q5NUrfiYQ0h2snV393ZChWahKHpjJGeqgWvZn4n9dNdXTlZ5QnqSYczx+KUuZo4czCcPpUEqzZxBCEJTW7OniIJMLaRFYxIXiLX14m7XrNc2ve7UW1US/iKMMxnMAZeHAJDbiBJrQAwyM8wyu8WU/Wi/VufcxLS1bRcwh/YH3+ACatlh0=</latexit><latexit sha1_base64="CdyGEFb6HQPDrM0PI/pK48GebGM=">AAAB/3icbVC7TsMwFL0pr1JeASQWlogKiakkFRKMlVgYi0RbpDaKHNdprTp2ZDtUVejAr7AwgBArv8HG3+CmGaDlSJaOz7n3+vqECaNKu+63VVpZXVvfKG9WtrZ3dvfs/YO2EqnEpIUFE/I+RIowyklLU83IfSIJikNGOuHoeuZ3HohUVPA7PUmIH6MBpxHFSBspsI96ciiCXl+MOZJSjM/zuxvYVbfm5nCWiVeQKhRoBvaXmYHTmHCNGVKq67mJ9jMkNcWMTCu9VJEE4REakK6hHMVE+Vm+/9Q5NUrfiYQ0h2snV393ZChWahKHpjJGeqgWvZn4n9dNdXTlZ5QnqSYczx+KUuZo4czCcPpUEqzZxBCEJTW7OniIJMLaRFYxIXiLX14m7XrNc2ve7UW1US/iKMMxnMAZeHAJDbiBJrQAwyM8wyu8WU/Wi/VufcxLS1bRcwh/YH3+ACatlh0=</latexit><latexit sha1_base64="CdyGEFb6HQPDrM0PI/pK48GebGM=">AAAB/3icbVC7TsMwFL0pr1JeASQWlogKiakkFRKMlVgYi0RbpDaKHNdprTp2ZDtUVejAr7AwgBArv8HG3+CmGaDlSJaOz7n3+vqECaNKu+63VVpZXVvfKG9WtrZ3dvfs/YO2EqnEpIUFE/I+RIowyklLU83IfSIJikNGOuHoeuZ3HohUVPA7PUmIH6MBpxHFSBspsI96ciiCXl+MOZJSjM/zuxvYVbfm5nCWiVeQKhRoBvaXmYHTmHCNGVKq67mJ9jMkNcWMTCu9VJEE4REakK6hHMVE+Vm+/9Q5NUrfiYQ0h2snV393ZChWahKHpjJGeqgWvZn4n9dNdXTlZ5QnqSYczx+KUuZo4czCcPpUEqzZxBCEJTW7OniIJMLaRFYxIXiLX14m7XrNc2ve7UW1US/iKMMxnMAZeHAJDbiBJrQAwyM8wyu8WU/Wi/VufcxLS1bRcwh/YH3+ACatlh0=</latexit>
hL = hR





<latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit><latexit sha1_base64="ENt4RgpqE21M1kJ7VHh7qz9dd9A=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuKpJEXRZcOOygr1AE8JkOmmHziXMTMQS+ipuXCji1hdx59s4TbPQ1h8GPv5zDufMH6eMauN5305lY3Nre6e6W9vbPzg8co/rPS0zhUkXSybVIEaaMCpI11DDyCBVBPGYkX48vV3U+49EaSrFg5mlJORoLGhCMTLWitx6oCYyCjQdc3RZsBe5Da/pFYLr4JfQAKU6kfsVjCTOOBEGM6T10PdSE+ZIGYoZmdeCTJMU4Skak6FFgTjRYV7cPofn1hnBRCr7hIGF+3siR1zrGY9tJ0dmoldrC/O/2jAzyU2YU5Fmhgi8XJRkDBoJF0HAEVUEGzazgLCi9laIJ0ghbGxcNRuCv/rldei1mr7X9O+vGu1WGUcVnIIzcAF8cA3a4A50QBdg8ASewSt4c+bOi/PufCxbK045cwL+yPn8Aa5HlCM=</latexit>
E/ 
<latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit>
E/ 
<latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit><latexit sha1_base64="qnICf8tjHirxkon+hZJSeKO6XMk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qkkR9FhQwWMF+wFtKJvtpl262cTdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbRS+/a8e8Ml0l6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezeyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMn2e9IXmDOXYEsq0sLcSNqSaMrQRFW0I3uLLy6RZrXhuxbu/KNeqeRwFOIYTOAMPLqEGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wdYdo90</latexit>
a)
<latexit sha1_base64="lderTVv5M0NKdEunAEAUljKW29E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ5lsN+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMUdaiiUhUN0TNBJesZbgRrJsqhnEoWCec3M79zhNTmify0UxTFsQ4kjziFI2VHvBqUK15rrcAWSd+QWpQoDmofvWHCc1iJg0VqHXP91IT5KgMp4LNKv1MsxTpBEesZ6nEmOkgX1w6IxdWGZIoUbakIQv190SOsdbTOLSdMZqxXvXm4n9eLzPRTZBzmWaGSbpcFGWCmITM3yZDrhg1YmoJUsXtrYSOUSE1NpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS2gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIDGNAg==</latexit><latexit sha1_base64="lderTVv5M0NKdEunAEAUljKW29E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ5lsN+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMUdaiiUhUN0TNBJesZbgRrJsqhnEoWCec3M79zhNTmify0UxTFsQ4kjziFI2VHvBqUK15rrcAWSd+QWpQoDmofvWHCc1iJg0VqHXP91IT5KgMp4LNKv1MsxTpBEesZ6nEmOkgX1w6IxdWGZIoUbakIQv190SOsdbTOLSdMZqxXvXm4n9eLzPRTZBzmWaGSbpcFGWCmITM3yZDrhg1YmoJUsXtrYSOUSE1NpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS2gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIDGNAg==</latexit><latexit sha1_base64="lderTVv5M0NKdEunAEAUljKW29E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ5lsN+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMUdaiiUhUN0TNBJesZbgRrJsqhnEoWCec3M79zhNTmify0UxTFsQ4kjziFI2VHvBqUK15rrcAWSd+QWpQoDmofvWHCc1iJg0VqHXP91IT5KgMp4LNKv1MsxTpBEesZ6nEmOkgX1w6IxdWGZIoUbakIQv190SOsdbTOLSdMZqxXvXm4n9eLzPRTZBzmWaGSbpcFGWCmITM3yZDrhg1YmoJUsXtrYSOUSE1NpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS2gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIDGNAg==</latexit><latexit sha1_base64="lderTVv5M0NKdEunAEAUljKW29E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ5lsN+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMUdaiiUhUN0TNBJesZbgRrJsqhnEoWCec3M79zhNTmify0UxTFsQ4kjziFI2VHvBqUK15rrcAWSd+QWpQoDmofvWHCc1iJg0VqHXP91IT5KgMp4LNKv1MsxTpBEesZ6nEmOkgX1w6IxdWGZIoUbakIQv190SOsdbTOLSdMZqxXvXm4n9eLzPRTZBzmWaGSbpcFGWCmITM3yZDrhg1YmoJUsXtrYSOUSE1NpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS2gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIDGNAg==</latexit>
b)
<latexit sha1_base64="GoFaQfk0ZJRjyy55qmq9S1hFb9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD+HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPIbaNAw==</latexit><latexit sha1_base64="GoFaQfk0ZJRjyy55qmq9S1hFb9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD+HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPIbaNAw==</latexit><latexit sha1_base64="GoFaQfk0ZJRjyy55qmq9S1hFb9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD+HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPIbaNAw==</latexit><latexit sha1_base64="GoFaQfk0ZJRjyy55qmq9S1hFb9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD+HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPIbaNAw==</latexit>
c)
<latexit sha1_base64="nmNv5GQqmpwOWQlDNFCHUBDJCWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpgV0NqjXP9RYg68QvSA0KNAfVr/4wYVmM0jBBte75XmqCnCrDmcBZpZ9pTCmb0BH2LJU0Rh3ki0tn5MIqQxIlypY0ZKH+nshprPU0Dm1nTM1Yr3pz8T+vl5noJsi5TDODki0XRZkgJiHzt8mQK2RGTC2hTHF7K2FjqigzNpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS1gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIzuNBA==</latexit><latexit sha1_base64="nmNv5GQqmpwOWQlDNFCHUBDJCWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpgV0NqjXP9RYg68QvSA0KNAfVr/4wYVmM0jBBte75XmqCnCrDmcBZpZ9pTCmb0BH2LJU0Rh3ki0tn5MIqQxIlypY0ZKH+nshprPU0Dm1nTM1Yr3pz8T+vl5noJsi5TDODki0XRZkgJiHzt8mQK2RGTC2hTHF7K2FjqigzNpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS1gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIzuNBA==</latexit><latexit sha1_base64="nmNv5GQqmpwOWQlDNFCHUBDJCWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpgV0NqjXP9RYg68QvSA0KNAfVr/4wYVmM0jBBte75XmqCnCrDmcBZpZ9pTCmb0BH2LJU0Rh3ki0tn5MIqQxIlypY0ZKH+nshprPU0Dm1nTM1Yr3pz8T+vl5noJsi5TDODki0XRZkgJiHzt8mQK2RGTC2hTHF7K2FjqigzNpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS1gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIzuNBA==</latexit><latexit sha1_base64="nmNv5GQqmpwOWQlDNFCHUBDJCWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpgV0NqjXP9RYg68QvSA0KNAfVr/4wYVmM0jBBte75XmqCnCrDmcBZpZ9pTCmb0BH2LJU0Rh3ki0tn5MIqQxIlypY0ZKH+nshprPU0Dm1nTM1Yr3pz8T+vl5noJsi5TDODki0XRZkgJiHzt8mQK2RGTC2hTHF7K2FjqigzNpyKDcFffXmdtOuu77n+fb3WcIs4ynAG53AJPlxDA+6gCS1gEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHIzuNBA==</latexit>
d)
<latexit sha1_base64="0eykViHKx8mmWoh5Jagci3wH148=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyXpRY8FLx6r2A9oQ9lsNu3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGW+zRCa6F1DDpVC8jQIl76Wa0ziQvBtMbud+94lrIxL1iNOU+zEdKREJRtFKD+HVsFpz6+4CZJ14BalBgdaw+jUIE5bFXCGT1Ji+56bo51SjYJLPKoPM8JSyCR3xvqWKxtz4+eLSGbmwSkiiRNtSSBbq74mcxsZM48B2xhTHZtWbi/95/QyjGz8XKs2QK7ZcFGWSYELmb5NQaM5QTi2hTAt7K2FjqilDG07FhuCtvrxOOo2659a9+0atWS/iKMMZnMMleHANTbiDFrSBQQTP8ApvzsR5cd6dj2VrySlmTuEPnM8fJMCNBQ==</latexit><latexit sha1_base64="0eykViHKx8mmWoh5Jagci3wH148=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyXpRY8FLx6r2A9oQ9lsNu3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGW+zRCa6F1DDpVC8jQIl76Wa0ziQvBtMbud+94lrIxL1iNOU+zEdKREJRtFKD+HVsFpz6+4CZJ14BalBgdaw+jUIE5bFXCGT1Ji+56bo51SjYJLPKoPM8JSyCR3xvqWKxtz4+eLSGbmwSkiiRNtSSBbq74mcxsZM48B2xhTHZtWbi/95/QyjGz8XKs2QK7ZcFGWSYELmb5NQaM5QTi2hTAt7K2FjqilDG07FhuCtvrxOOo2659a9+0atWS/iKMMZnMMleHANTbiDFrSBQQTP8ApvzsR5cd6dj2VrySlmTuEPnM8fJMCNBQ==</latexit><latexit sha1_base64="0eykViHKx8mmWoh5Jagci3wH148=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyXpRY8FLx6r2A9oQ9lsNu3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGW+zRCa6F1DDpVC8jQIl76Wa0ziQvBtMbud+94lrIxL1iNOU+zEdKREJRtFKD+HVsFpz6+4CZJ14BalBgdaw+jUIE5bFXCGT1Ji+56bo51SjYJLPKoPM8JSyCR3xvqWKxtz4+eLSGbmwSkiiRNtSSBbq74mcxsZM48B2xhTHZtWbi/95/QyjGz8XKs2QK7ZcFGWSYELmb5NQaM5QTi2hTAt7K2FjqilDG07FhuCtvrxOOo2659a9+0atWS/iKMMZnMMleHANTbiDFrSBQQTP8ApvzsR5cd6dj2VrySlmTuEPnM8fJMCNBQ==</latexit><latexit sha1_base64="0eykViHKx8mmWoh5Jagci3wH148=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyXpRY8FLx6r2A9oQ9lsNu3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGW+zRCa6F1DDpVC8jQIl76Wa0ziQvBtMbud+94lrIxL1iNOU+zEdKREJRtFKD+HVsFpz6+4CZJ14BalBgdaw+jUIE5bFXCGT1Ji+56bo51SjYJLPKoPM8JSyCR3xvqWKxtz4+eLSGbmwSkiiRNtSSBbq74mcxsZM48B2xhTHZtWbi/95/QyjGz8XKs2QK7ZcFGWSYELmb5NQaM5QTi2hTAt7K2FjqilDG07FhuCtvrxOOo2659a9+0atWS/iKMMZnMMleHANTbiDFrSBQQTP8ApvzsR5cd6dj2VrySlmTuEPnM8fJMCNBQ==</latexit>
e)
<latexit sha1_base64="+mWOrXqS0l+azsva2aJR/r3Ia/c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpAa8G1ZrneguQdeIXpAYFmoPqV3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvrxO2nXX91z/vl5ruEUcZTiDc7gEH66hAXfQhBYwiOAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDJkWNBg==</latexit><latexit sha1_base64="+mWOrXqS0l+azsva2aJR/r3Ia/c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpAa8G1ZrneguQdeIXpAYFmoPqV3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvrxO2nXX91z/vl5ruEUcZTiDc7gEH66hAXfQhBYwiOAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDJkWNBg==</latexit><latexit sha1_base64="+mWOrXqS0l+azsva2aJR/r3Ia/c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpAa8G1ZrneguQdeIXpAYFmoPqV3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvrxO2nXX91z/vl5ruEUcZTiDc7gEH66hAXfQhBYwiOAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDJkWNBg==</latexit><latexit sha1_base64="+mWOrXqS0l+azsva2aJR/r3Ia/c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dkobm1vbO+Xdyt7+weFR9fikrZNMMWyxRCSqG1KNgktsGW4EdlOFNA4FdsLJ7dzvPKHSPJGPZppiENOR5BFn1FjpAa8G1ZrneguQdeIXpAYFmoPqV3+YsCxGaZigWvd8LzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxaUzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D522TIFTIjppZQpri9lbAxVZQZG07FhuCvvrxO2nXX91z/vl5ruEUcZTiDc7gEH66hAXfQhBYwiOAZXuHNmTgvzrvzsWwtOcXMKfyB8/kDJkWNBg==</latexit>
f)
<latexit sha1_base64="Gbf0qmMMvxNaEZDYP00rVRvMa+4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD9HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPJ8qNBw==</latexit><latexit sha1_base64="Gbf0qmMMvxNaEZDYP00rVRvMa+4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD9HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPJ8qNBw==</latexit><latexit sha1_base64="Gbf0qmMMvxNaEZDYP00rVRvMa+4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD9HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPJ8qNBw==</latexit><latexit sha1_base64="Gbf0qmMMvxNaEZDYP00rVRvMa+4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyHpRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOd9O6WNza3tnfJuZW//4PCoenzSNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBNObud+54lrIxL1iNOUBzEdKREJRtFKD9HVoFrzXG8Bsk78gtSgQHNQ/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLSGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGN0EuVJohV2y5KMokwYTM3yZDoTlDObWEMi3srYSNqaYMbTgVG4K/+vI6addd33P9+3qt4RZxlOEMzuESfLiGBtxBE1rAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucPJ8qNBw==</latexit>
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FIGURE 2.4: LDOS of the junction ρ(E) divided by the normal state LDOS ρ0(E), for paral-
lel (left column) and anti-parallel (right column) orientation of the exchange fields of magnitude
|hL,R|/∆ = 0.3. The phase difference gradually increases from the top panels where ϕ = 0
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<latexit sha1_base64="gCnPlA+OClwiSBHi54vc+a0FKJ4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Ckkveix48VihaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXZVIY9LxvZ2t7Z3dvv3JQPTw6PjmtnZ13TJprxgOWylT3Imq4FIoHKFDyXqY5TSLJu9H0fuF3n7g2IlVtnGU8TOhYiVgwilYK2ilSOazVPddbgmwSvyR1KNEa1r4Go5TlCVfIJDWm73sZhgXVKJjk8+ogNzyjbErHvG+pogk3YbE8dk6urTIicaptKSRL9fdEQRNjZklkOxOKE7PuLcT/vH6O8V1YCJXlyBVbLYpzSTAli8/JSGjOUM4soUwLeythE6opQ5tP1Ybgr7+8SToN1/dc/7FRb7plHBW4hCu4AR9uoQkP0IIAGAh4hld4c5Tz4rw7H6vWLaecuYA/cD5/AM90jpo=</latexit><latexit sha1_base64="gCnPlA+OClwiSBHi54vc+a0FKJ4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Ckkveix48VihaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXZVIY9LxvZ2t7Z3dvv3JQPTw6PjmtnZ13TJprxgOWylT3Imq4FIoHKFDyXqY5TSLJu9H0fuF3n7g2IlVtnGU8TOhYiVgwilYK2ilSOazVPddbgmwSvyR1KNEa1r4Go5TlCVfIJDWm73sZhgXVKJjk8+ogNzyjbErHvG+pogk3YbE8dk6urTIicaptKSRL9fdEQRNjZklkOxOKE7PuLcT/vH6O8V1YCJXlyBVbLYpzSTAli8/JSGjOUM4soUwLeythE6opQ5tP1Ybgr7+8SToN1/dc/7FRb7plHBW4hCu4AR9uoQkP0IIAGAh4hld4c5Tz4rw7H6vWLaecuYA/cD5/AM90jpo=</latexit><latexit sha1_base64="gCnPlA+OClwiSBHi54vc+a0FKJ4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Ckkveix48VihaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXZVIY9LxvZ2t7Z3dvv3JQPTw6PjmtnZ13TJprxgOWylT3Imq4FIoHKFDyXqY5TSLJu9H0fuF3n7g2IlVtnGU8TOhYiVgwilYK2ilSOazVPddbgmwSvyR1KNEa1r4Go5TlCVfIJDWm73sZhgXVKJjk8+ogNzyjbErHvG+pogk3YbE8dk6urTIicaptKSRL9fdEQRNjZklkOxOKE7PuLcT/vH6O8V1YCJXlyBVbLYpzSTAli8/JSGjOUM4soUwLeythE6opQ5tP1Ybgr7+8SToN1/dc/7FRb7plHBW4hCu4AR9uoQkP0IIAGAh4hld4c5Tz4rw7H6vWLaecuYA/cD5/AM90jpo=</latexit><latexit sha1_base64="gCnPlA+OClwiSBHi54vc+a0FKJ4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Ckkveix48VihaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXZVIY9LxvZ2t7Z3dvv3JQPTw6PjmtnZ13TJprxgOWylT3Imq4FIoHKFDyXqY5TSLJu9H0fuF3n7g2IlVtnGU8TOhYiVgwilYK2ilSOazVPddbgmwSvyR1KNEa1r4Go5TlCVfIJDWm73sZhgXVKJjk8+ogNzyjbErHvG+pogk3YbE8dk6urTIicaptKSRL9fdEQRNjZklkOxOKE7PuLcT/vH6O8V1YCJXlyBVbLYpzSTAli8/JSGjOUM4soUwLeythE6opQ5tP1Ybgr7+8SToN1/dc/7FRb7plHBW4hCu4AR9uoQkP0IIAGAh4hld4c5Tz4rw7H6vWLaecuYA/cD5/AM90jpo=</latexit>
Continuum
<latexit sha1_base64="QZGcWPc+HhiB6nJ4n89gCvPdAX8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadntRY+FXjxWsB/SLiWbZtvQJLskE6Es/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZenAluIAi+vdLW9s7uXnm/cnB4dHxSPT3rmNRqyto0FanuxcQwwRVrAwfBeplmRMaCdeNpc+F3n5g2PFUPMMtYJMlY8YRTAk56bKYKuLJWDqu1wA+WwJskLEgNFWgNq1+DUUqtZAqoIMb0wyCDKCcaOBVsXhlYwzJCp2TM+o4qIpmJ8uXBc3zllBFOUu1KAV6qvydyIo2Zydh1SgITs+4txP+8voXkNsq5yiwwRVeLEiswpHjxPR5xzSiImSOEau5uxXRCNKHgMqq4EML1lzdJp+6HgR/e12sNv4ijjC7QJbpGIbpBDXSHWqiNKJLoGb2iN097L96797FqLXnFzDn6A+/zBxHEkIA=</latexit><latexit sha1_base64="QZGcWPc+HhiB6nJ4n89gCvPdAX8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadntRY+FXjxWsB/SLiWbZtvQJLskE6Es/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZenAluIAi+vdLW9s7uXnm/cnB4dHxSPT3rmNRqyto0FanuxcQwwRVrAwfBeplmRMaCdeNpc+F3n5g2PFUPMMtYJMlY8YRTAk56bKYKuLJWDqu1wA+WwJskLEgNFWgNq1+DUUqtZAqoIMb0wyCDKCcaOBVsXhlYwzJCp2TM+o4qIpmJ8uXBc3zllBFOUu1KAV6qvydyIo2Zydh1SgITs+4txP+8voXkNsq5yiwwRVeLEiswpHjxPR5xzSiImSOEau5uxXRCNKHgMqq4EML1lzdJp+6HgR/e12sNv4ijjC7QJbpGIbpBDXSHWqiNKJLoGb2iN097L96797FqLXnFzDn6A+/zBxHEkIA=</latexit><latexit sha1_base64="QZGcWPc+HhiB6nJ4n89gCvPdAX8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadntRY+FXjxWsB/SLiWbZtvQJLskE6Es/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZenAluIAi+vdLW9s7uXnm/cnB4dHxSPT3rmNRqyto0FanuxcQwwRVrAwfBeplmRMaCdeNpc+F3n5g2PFUPMMtYJMlY8YRTAk56bKYKuLJWDqu1wA+WwJskLEgNFWgNq1+DUUqtZAqoIMb0wyCDKCcaOBVsXhlYwzJCp2TM+o4qIpmJ8uXBc3zllBFOUu1KAV6qvydyIo2Zydh1SgITs+4txP+8voXkNsq5yiwwRVeLEiswpHjxPR5xzSiImSOEau5uxXRCNKHgMqq4EML1lzdJp+6HgR/e12sNv4ijjC7QJbpGIbpBDXSHWqiNKJLoGb2iN097L96797FqLXnFzDn6A+/zBxHEkIA=</latexit><latexit sha1_base64="QZGcWPc+HhiB6nJ4n89gCvPdAX8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgadntRY+FXjxWsB/SLiWbZtvQJLskE6Es/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZenAluIAi+vdLW9s7uXnm/cnB4dHxSPT3rmNRqyto0FanuxcQwwRVrAwfBeplmRMaCdeNpc+F3n5g2PFUPMMtYJMlY8YRTAk56bKYKuLJWDqu1wA+WwJskLEgNFWgNq1+DUUqtZAqoIMb0wyCDKCcaOBVsXhlYwzJCp2TM+o4qIpmJ8uXBc3zllBFOUu1KAV6qvydyIo2Zydh1SgITs+4txP+8voXkNsq5yiwwRVeLEiswpHjxPR5xzSiImSOEau5uxXRCNKHgMqq4EML1lzdJp+6HgR/e12sNv4ijjC7QJbpGIbpBDXSHWqiNKJLoGb2iN097L96797FqLXnFzDn6A+/zBxHEkIA=</latexit>
Boundstates
<latexit sha1_base64="IdxW3EnLKuL89RgUKdmaty0USF8=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8haQXPRa9eKxgPyANZbOZtks3u2F3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZubFmeAGff/b2djc2t7ZrexV9w8Oj45rJ6cdo3LNoM2UULoXUwOCS2gjRwG9TANNYwHdeHI397tPoA1X8hGnGUQpHUk+5IyilcJblcvEIEUwg1rd9/wF3HUSlKROSrQGta9+oliegkQmqDFh4GcYFVQjZwJm1X5uIKNsQkcQWippCiYqFifP3EurJO5QaVsS3YX6e6KgqTHTNLadKcWxWfXm4n9emOPwJiq4zHIEyZaLhrlwUbnz/92Ea2AoppZQprm91WVjqilDm1LVhhCsvrxOOg0v8L3goVFvemUcFXJOLsgVCcg1aZJ70iJtwogiz+SVvDnovDjvzseydcMpZ87IHzifP5WbkV4=</latexit><latexit sha1_base64="IdxW3EnLKuL89RgUKdmaty0USF8=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8haQXPRa9eKxgPyANZbOZtks3u2F3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZubFmeAGff/b2djc2t7ZrexV9w8Oj45rJ6cdo3LNoM2UULoXUwOCS2gjRwG9TANNYwHdeHI397tPoA1X8hGnGUQpHUk+5IyilcJblcvEIEUwg1rd9/wF3HUSlKROSrQGta9+oliegkQmqDFh4GcYFVQjZwJm1X5uIKNsQkcQWippCiYqFifP3EurJO5QaVsS3YX6e6KgqTHTNLadKcWxWfXm4n9emOPwJiq4zHIEyZaLhrlwUbnz/92Ea2AoppZQprm91WVjqilDm1LVhhCsvrxOOg0v8L3goVFvemUcFXJOLsgVCcg1aZJ70iJtwogiz+SVvDnovDjvzseydcMpZ87IHzifP5WbkV4=</latexit><latexit sha1_base64="IdxW3EnLKuL89RgUKdmaty0USF8=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8haQXPRa9eKxgPyANZbOZtks3u2F3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZubFmeAGff/b2djc2t7ZrexV9w8Oj45rJ6cdo3LNoM2UULoXUwOCS2gjRwG9TANNYwHdeHI397tPoA1X8hGnGUQpHUk+5IyilcJblcvEIEUwg1rd9/wF3HUSlKROSrQGta9+oliegkQmqDFh4GcYFVQjZwJm1X5uIKNsQkcQWippCiYqFifP3EurJO5QaVsS3YX6e6KgqTHTNLadKcWxWfXm4n9emOPwJiq4zHIEyZaLhrlwUbnz/92Ea2AoppZQprm91WVjqilDm1LVhhCsvrxOOg0v8L3goVFvemUcFXJOLsgVCcg1aZJ70iJtwogiz+SVvDnovDjvzseydcMpZ87IHzifP5WbkV4=</latexit><latexit sha1_base64="IdxW3EnLKuL89RgUKdmaty0USF8=">AAAB8nicbVBNS8NAEN34WetX1aOXYBE8haQXPRa9eKxgPyANZbOZtks3u2F3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZubFmeAGff/b2djc2t7ZrexV9w8Oj45rJ6cdo3LNoM2UULoXUwOCS2gjRwG9TANNYwHdeHI397tPoA1X8hGnGUQpHUk+5IyilcJblcvEIEUwg1rd9/wF3HUSlKROSrQGta9+oliegkQmqDFh4GcYFVQjZwJm1X5uIKNsQkcQWippCiYqFifP3EurJO5QaVsS3YX6e6KgqTHTNLadKcWxWfXm4n9emOPwJiq4zHIEyZaLhrlwUbnz/92Ea2AoppZQprm91WVjqilDm1LVhhCsvrxOOg0v8L3goVFvemUcFXJOLsgVCcg1aZJ70iJtwogiz+SVvDnovDjvzseydcMpZ87IHzifP5WbkV4=</latexit>
'c
<latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit>
'c
<latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit><latexit sha1_base64="fON1WlmTV2ZNirzUIFB9LwnVZLQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzEOSJcxOepMhM7PLzGwghHyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSNEmmGTZYIhLdjqhBwRU2LLcC26lGKiOBrWh0N/dbY9SGJ+rRTlIMJR0oHnNGrZOeumOq0yHvsV654lf9Bcg6CXJSgRz1Xvmr209YJlFZJqgxncBPbTil2nImcFbqZgZTykZ0gB1HFZVowuni4Bm5cEqfxIl2pSxZqL8nplQaM5GR65TUDs2qNxf/8zqZjW/DKVdpZlGx5aI4E8QmZP496XONzIqJI5Rp7m4lbEg1ZdZlVHIhBKsvr5PmVTXwq8HDdaV2ncdRhDM4h0sI4AZqcA91aAADCc/wCm+e9l68d+9j2Vrw8plT+APv8wftOJBu</latexit>
'/⇡
<latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit><latexit sha1_base64="I2SHc+47sks3K/D/2Cl8+VhznMg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU92Vgh4LXjxWsLXQXUo2zbah2SQk2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WNza3tnfJuZW//4PCoenzSMTLThLaJ5FJ3Y2woZ4K2LbOcdpWmOI05fYrHd3P/aUK1YVI82qmiUYqHgiWMYOukXjjBWo3YVahYv1rz6/4CaJ0EBalBgVa/+hUOJMlSKizh2Jhe4Csb5VhbRjidVcLMUIXJGA9pz1GBU2qifHHyDF04ZYASqV0Jixbq74kcp8ZM09h1ptiOzKo3F//zeplNbqOcCZVZKshyUZJxZCWa/48GTFNi+dQRTDRztyIywhoT61KquBCC1ZfXSee6Hvj14KFRazaKOMpwBudwCQHcQBPuoQVtICDhGV7hzbPei/fufSxbS14xcwp/4H3+ADPqkSQ=</latexit>
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<latexit sha1_base64="nXGsQM4Qh14Js2HEHGbpvrsMRx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt14brVXrniuNwdZJX5OKpCj3it/dfsJy2KukElqTMf3UgwmVKNgkk9L3czwlLIRHfCOpYrG3AST+b1TcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2POkLzRnKsSWUaWFvJWxINWVoIyrZEPzll1dJs+r6nuvfX1Rql3kcRTiBUzgHH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD7+WPMQ==</latexit><latexit sha1_base64="nXGsQM4Qh14Js2HEHGbpvrsMRx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt14brVXrniuNwdZJX5OKpCj3it/dfsJy2KukElqTMf3UgwmVKNgkk9L3czwlLIRHfCOpYrG3AST+b1TcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2POkLzRnKsSWUaWFvJWxINWVoIyrZEPzll1dJs+r6nuvfX1Rql3kcRTiBUzgHH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD7+WPMQ==</latexit><latexit sha1_base64="nXGsQM4Qh14Js2HEHGbpvrsMRx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt14brVXrniuNwdZJX5OKpCj3it/dfsJy2KukElqTMf3UgwmVKNgkk9L3czwlLIRHfCOpYrG3AST+b1TcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2POkLzRnKsSWUaWFvJWxINWVoIyrZEPzll1dJs+r6nuvfX1Rql3kcRTiBUzgHH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD7+WPMQ==</latexit><latexit sha1_base64="nXGsQM4Qh14Js2HEHGbpvrsMRx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt14brVXrniuNwdZJX5OKpCj3it/dfsJy2KukElqTMf3UgwmVKNgkk9L3czwlLIRHfCOpYrG3AST+b1TcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2POkLzRnKsSWUaWFvJWxINWVoIyrZEPzll1dJs+r6nuvfX1Rql3kcRTiBUzgHH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD7+WPMQ==</latexit>
a)
<latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit>
b)
<latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit>
c)
<latexit sha1_base64="CRVC0ZcdO98ZsOnrbmTGnjpCCJQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPbCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASUJjQo=</latexit><latexit sha1_base64="CRVC0ZcdO98ZsOnrbmTGnjpCCJQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPbCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASUJjQo=</latexit><latexit sha1_base64="CRVC0ZcdO98ZsOnrbmTGnjpCCJQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPbCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASUJjQo=</latexit><latexit sha1_base64="CRVC0ZcdO98ZsOnrbmTGnjpCCJQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPbCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASUJjQo=</latexit>
d)
<latexit sha1_base64="WdOX+YOhK6RCE1VTOqLReklrSYw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRF0GPBi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4duZ3nlBpnshHM0nRj+lQ8ogzaqz0EF4OKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n80un5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x04+dcpplByRaLokwQk5DZ2yTkCpkRE0soU9zeStiIKsqMDadsQ/CWX14l7XrNc2vefb3auCriKMEpnMEFeHANDbiDJrSAQQTP8Apvzth5cd6dj0XrmlPMnMAfOJ8/Jo6NCw==</latexit><latexit sha1_base64="WdOX+YOhK6RCE1VTOqLReklrSYw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRF0GPBi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4duZ3nlBpnshHM0nRj+lQ8ogzaqz0EF4OKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n80un5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x04+dcpplByRaLokwQk5DZ2yTkCpkRE0soU9zeStiIKsqMDadsQ/CWX14l7XrNc2vefb3auCriKMEpnMEFeHANDbiDJrSAQQTP8Apvzth5cd6dj0XrmlPMnMAfOJ8/Jo6NCw==</latexit><latexit sha1_base64="WdOX+YOhK6RCE1VTOqLReklrSYw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRF0GPBi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4duZ3nlBpnshHM0nRj+lQ8ogzaqz0EF4OKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n80un5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x04+dcpplByRaLokwQk5DZ2yTkCpkRE0soU9zeStiIKsqMDadsQ/CWX14l7XrNc2vefb3auCriKMEpnMEFeHANDbiDJrSAQQTP8Apvzth5cd6dj0XrmlPMnMAfOJ8/Jo6NCw==</latexit><latexit sha1_base64="WdOX+YOhK6RCE1VTOqLReklrSYw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRF0GPBi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4duZ3nlBpnshHM0nRj+lQ8ogzaqz0EF4OKlW35s5BVolXkCoUaA4qX/0wYVmM0jBBte55bmr8nCrDmcBpuZ9pTCkb0yH2LJU0Ru3n80un5NwqIYkSZUsaMld/T+Q01noSB7Yzpmakl72Z+J/Xy0x04+dcpplByRaLokwQk5DZ2yTkCpkRE0soU9zeStiIKsqMDadsQ/CWX14l7XrNc2vefb3auCriKMEpnMEFeHANDbiDJrSAQQTP8Apvzth5cd6dj0XrmlPMnMAfOJ8/Jo6NCw==</latexit>
e)
<latexit sha1_base64="1ibBrwmGh50p4YgbtxdZ9UYXJHA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7walCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10q5VPbfq3dcqjXoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACgTjQw=</latexit><latexit sha1_base64="1ibBrwmGh50p4YgbtxdZ9UYXJHA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7walCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10q5VPbfq3dcqjXoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACgTjQw=</latexit><latexit sha1_base64="1ibBrwmGh50p4YgbtxdZ9UYXJHA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7walCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10q5VPbfq3dcqjXoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACgTjQw=</latexit><latexit sha1_base64="1ibBrwmGh50p4YgbtxdZ9UYXJHA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7walCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10q5VPbfq3dcqjXoeRxHO4BwuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACgTjQw=</latexit>
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FIGURE 2.5: Andreev bound state energies for (a) non magnetic case (black dashed) and parallel
orientation of the exchange fields (hL = hR = 0.3∆), and b)-c) anti-parallel orientation of the
exchange fields (hL = −hR = 0.3∆). For panels a),b) τ = 0.8 and for c) τ = 0.2. The colored
regions correspond to the intervals with no formation of Andreev bound states. Panels d)-f) show the
corresponding current phase relationships separated into the continuum states (red dashed line) and
bound states contribution (blue dash-dotted line) to the total current. All plots are for T/Tc = 0.01.
2.1.3 Current-phase relation
To understand how the absence of ABSs influence the Josephson current in the non-parallel case for
|ϕ| < ϕc, we numerically evaluate the Josephson current through the junction using the real time rep-






















Gr(x, x′, E)−Ga(x, x′, E)
]
, (2.12)
Tr[. . .] is the trace in Nambu-spin space and Gr/a is the retarded/advanced Green’s function from
Eq. (2.10).
In the lower panels of Fig. 2.2 current phase relations are shown for different orientations of the exchange
fields and perfect transmission of the barrier (τ = 1). The current phase relations show the well-
known sawtooth shape Fig. 2.2 d)- f). Lowering the transmission, the current phase relationships become
sinusoidal and one recovers the usual current-phase relation of a tunneling junction, see Figs. 2.5 d) - f).
We also verified the enhancement of the critical current with respect to the non-magnetic case by the
presence of anti-parallel exchange fields in the low transmission limit and low temperatures [122, 123]
as shown in Figs. 2.6 a) - b).
The total current is the sum of two contributions: one originating from the ABS (IABS) and the other
from states in the continuous spectrum (ICont). These are shown in the lower panels of Figs. 2.2 and 2.5.
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T/Tc = 0.25
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 
<latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit>
 
<latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit><latexit sha1_base64="LAcWHympa5qFTs/PhfmrO38uSmA=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU02koMeCHjxWsB/QhrLZTtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8M/PbT6CNiNUDThLwIzZUIhScoZU6o4veLUhk/XLFrbpz0FXi5aRCcjT65a/eIOZpBAq5ZMZ0PTdBP2MaBZcwLfVSAwnjYzaErqWKRWD8bH7vlJ5ZZUDDWNtSSOfq74mMRcZMosB2RgxHZtmbif953RTDaz8TKkkRFF8sClNJMaaz5+lAaOAoJ5YwroW9lfIR04yjjahkQ/CWX14lrcuq51a9+1qlXsvjKJITckrOiUeuSJ3ckQZpEk4keSav5M15dF6cd+dj0Vpw8plj8gfO5w+PEY+Z</latexit>
⌧ = 0.2
<latexit sha1_base64="4XbaeQoze90QsKgDzd72nyhurOQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5AUQS9CwYvHCvYD2lA22227dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ykMOh5305hY3Nre6e4W9rbPzg8Kh+ftEycasabLJax7oTUcCkUb6JAyTuJ5jQKJW+Hk9u5337i2ohYPeA04UFER0oMBaNopU4PaXrjubV+ueK53gJknfg5qUCORr/81RvELI24QiapMV3fSzDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxb0zcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8DjKhkhS5YstFw1QSjMn8eTIQmjOUU0so08LeStiYasrQRlSyIfirL6+TVs31Pde/v6zUq3kcRTiDc6iCD1dQhztoQBMYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB66+PIw==</latexit><latexit sha1_base64="4XbaeQoze90QsKgDzd72nyhurOQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5AUQS9CwYvHCvYD2lA22227dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ykMOh5305hY3Nre6e4W9rbPzg8Kh+ftEycasabLJax7oTUcCkUb6JAyTuJ5jQKJW+Hk9u5337i2ohYPeA04UFER0oMBaNopU4PaXrjubV+ueK53gJknfg5qUCORr/81RvELI24QiapMV3fSzDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxb0zcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8DjKhkhS5YstFw1QSjMn8eTIQmjOUU0so08LeStiYasrQRlSyIfirL6+TVs31Pde/v6zUq3kcRTiDc6iCD1dQhztoQBMYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB66+PIw==</latexit><latexit sha1_base64="4XbaeQoze90QsKgDzd72nyhurOQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5AUQS9CwYvHCvYD2lA22227dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ykMOh5305hY3Nre6e4W9rbPzg8Kh+ftEycasabLJax7oTUcCkUb6JAyTuJ5jQKJW+Hk9u5337i2ohYPeA04UFER0oMBaNopU4PaXrjubV+ueK53gJknfg5qUCORr/81RvELI24QiapMV3fSzDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxb0zcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8DjKhkhS5YstFw1QSjMn8eTIQmjOUU0so08LeStiYasrQRlSyIfirL6+TVs31Pde/v6zUq3kcRTiDc6iCD1dQhztoQBMYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB66+PIw==</latexit><latexit sha1_base64="4XbaeQoze90QsKgDzd72nyhurOQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5AUQS9CwYvHCvYD2lA22227dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ykMOh5305hY3Nre6e4W9rbPzg8Kh+ftEycasabLJax7oTUcCkUb6JAyTuJ5jQKJW+Hk9u5337i2ohYPeA04UFER0oMBaNopU4PaXrjubV+ueK53gJknfg5qUCORr/81RvELI24QiapMV3fSzDIqEbBJJ+VeqnhCWUTOuJdSxWNuAmyxb0zcmGVARnG2pZCslB/T2Q0MmYahbYzojg2q95c/M/rpji8DjKhkhS5YstFw1QSjMn8eTIQmjOUU0so08LeStiYasrQRlSyIfirL6+TVs31Pde/v6zUq3kcRTiDc6iCD1dQhztoQBMYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB66+PIw==</latexit>
⌧ = .
<latexit sha1_base64="pT7EyGHpVBPmst0/YynQP/YGiJI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5CIqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt147mWvXPFcbw6ySvycVCBHvVf+6vYTlsVcIZPUmI7vpRhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm83un5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DiZCpRlyxRaLokwSTMjsedIXmjOUY0so08LeStiQasrQRlSyIfjLL6+S5rnre65/f1GpVfM4inACp1AFH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD8b+PJw==</latexit><latexit sha1_base64="pT7EyGHpVBPmst0/YynQP/YGiJI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5CIqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt147mWvXPFcbw6ySvycVCBHvVf+6vYTlsVcIZPUmI7vpRhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm83un5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DiZCpRlyxRaLokwSTMjsedIXmjOUY0so08LeStiQasrQRlSyIfjLL6+S5rnre65/f1GpVfM4inACp1AFH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD8b+PJw==</latexit><latexit sha1_base64="pT7EyGHpVBPmst0/YynQP/YGiJI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5CIqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt147mWvXPFcbw6ySvycVCBHvVf+6vYTlsVcIZPUmI7vpRhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm83un5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DiZCpRlyxRaLokwSTMjsedIXmjOUY0so08LeStiQasrQRlSyIfjLL6+S5rnre65/f1GpVfM4inACp1AFH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD8b+PJw==</latexit><latexit sha1_base64="pT7EyGHpVBPmst0/YynQP/YGiJI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5CIqBeh4MVjBfsBbSib7aZdutnE3YlQSv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnCc8iCmAyUiwShaqd1Fmt147mWvXPFcbw6ySvycVCBHvVf+6vYTlsVcIZPUmI7vpRhMqEbBJJ+WupnhKWUjOuAdSxWNuQkm83un5MwqfRIl2pZCMld/T0xobMw4Dm1nTHFolr2Z+J/XyTC6DiZCpRlyxRaLokwSTMjsedIXmjOUY0so08LeStiQasrQRlSyIfjLL6+S5rnre65/f1GpVfM4inACp1AFH66gBndQhwYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD8b+PJw==</latexit>
⌧ =
<latexit sha1_base64="iVUv9GVeHw8ysX551yE4otFjPBE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5KIUC9CwYvHCvYD2lA22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeA04X5ER0qEglG0UrePNL1xa/VBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni3tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5lQSYpcseWiMJUEYzJ/ngyF5gzl1BLKtLC3EjammjK0EZVsCN7qy+ukfVnz3Jp3f1VpVPM4inAG51AFD+rQgDtoQgsYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB80OPKA==</latexit><latexit sha1_base64="iVUv9GVeHw8ysX551yE4otFjPBE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5KIUC9CwYvHCvYD2lA22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeA04X5ER0qEglG0UrePNL1xa/VBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni3tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5lQSYpcseWiMJUEYzJ/ngyF5gzl1BLKtLC3EjammjK0EZVsCN7qy+ukfVnz3Jp3f1VpVPM4inAG51AFD+rQgDtoQgsYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB80OPKA==</latexit><latexit sha1_base64="iVUv9GVeHw8ysX551yE4otFjPBE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5KIUC9CwYvHCvYD2lA22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeA04X5ER0qEglG0UrePNL1xa/VBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni3tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5lQSYpcseWiMJUEYzJ/ngyF5gzl1BLKtLC3EjammjK0EZVsCN7qy+ukfVnz3Jp3f1VpVPM4inAG51AFD+rQgDtoQgsYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB80OPKA==</latexit><latexit sha1_base64="iVUv9GVeHw8ysX551yE4otFjPBE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5KIUC9CwYvHCvYD2lA22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9u533ni2ohYPeA04X5ER0qEglG0UrePNL1xa/VBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni3tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5lQSYpcseWiMJUEYzJ/ngyF5gzl1BLKtLC3EjammjK0EZVsCN7qy+ukfVnz3Jp3f1VpVPM4inAG51AFD+rQgDtoQgsYSHiGV3hzHp0X5935WLYWnHzmFP7A+fwB80OPKA==</latexit>
⌧ = .
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FIGURE 2.6: Critical current normalized by zero field critical current for anti-parallel orientation of
the exchange fields hL = −hR = h as function h for various temperatures T and transmissions τ .
In the parallel configuration with identical exchange fields the Josephson current is carried exclusively
by the ABSs. In contrast, if the exchange fields are different both IABS and ICont contribute to the
current. The vanishing contribution from the discrete spectrum for |ϕ| < ϕc is compensated by a finite
ICont (see Figs. 2.2 e) and 2.2 f) for τ = 1 and in Figs. 2.5 e) and 2.5 f) for τ < 1). In other words,
current from tunneling through ABSs is only present for ϕ 6∈ (−ϕc, ϕc) and gets reduced by lowering
the transmission of the junction. High enough exchange interactions and low transmission can lead to
a current dominated by contributions from continuum states, as shown in Fig. 2.5 f). This is consistent
with the results of Chtchelkatchev et al. [123] where the critical current is shown to be purely due to the
states of the continuous spectrum in the case of high magnitudes of the anti-parallel exchange fields and
sufficiently low transmissions.
2.1.4 Conclusion
We have presented a detailed study of the spectrum and current-phase relation of a Josephson junction
consisting of a short weak link connecting two superconducting leads with a spin-split density of states.
We have shown that for collinear orientations of the exchange fields, any deviation from the case of equal
fields leads to finite intervals of phases without Andreev bound states. These intervals are independent
of the transmission of the junction and are characterized by a critical phase-difference ϕc = arccos(1−
|hL − hR|/∆) for which ABSs disappear by merging within the continuum.
When the phase difference is in the range |ϕ| < ϕc, the Josephson current is therefore completely carried
by states in the continuous part of the spectrum. Outside this range the current is a superposition of the
contributions from the ABS and the continuous spectrum. For perfect transmission the current is mainly
due to tunneling through the ABSs (Fig. 2.2 e)), whereas for low transmission the current is totally due
to excitations from the continuous part of the spectrum (Fig. 2.5 f)). Hence changing the transmission




Josephson triplet junctions with spin-orbit
coupling
This chapter is dedicated to the study of the Josephson current in heterostructures in the diffusive regime
with spin-orbit coupling (SOC) of Rashba and Dresselhaus type, and how to control it via external fields.
In this chapter the units are chosen so that kB = ~ = 1.
The interplay between superconductivity and ferromagnetism leads to triplet superconducting correla-
tions [27–31, 133, 134]. The simplest setup for the generation of a triplet component is a superconductor
(S)-ferromagnet (F) heterostructure with a homogeneous exchange field (Sec. 1.3). The singlet Copper
pairs can penetrate the ferromagnet, and due to the local exchange field, are partially converted into
triplet pairs with the total spin projection zero with respect to the exchange field. Oscillations of the
triplet correlations in the F region lead to the well understood effect of the reversal of the critical cur-
rent in S/F/S Josephson junctions, a 0-π transition [22–26]. In a diffusive monodomain F, both singlet
and triplet correlations decay on the magnetic length scale ξh =
√
D/h, where h is the magnitude of
the exchange field and D is the diffusion constant. For conventional superconductors and typical ex-
change field strengths, ξh is much shorter than the thermal length scale of decay ξω ≈
√
D/T in a
non-magnetic system. On the other hand, triplet components with finite spin projection, are not affected
by its pair breaking effect and would decay on a length scale comparable to ξω. Such long-range triplet
components (LRTC) can be generated due to inhomogeneities of the exchange field [27–29] or due to the
presence of SOC under a homogeneous exchange field [31, 32]. The prediction of LRTCs in S/F hybrid
structures has stimulated several experimental work that confirmed their existence [120, 135–144]. The
fabrication of devices exhibiting long-range Josephson currents has become a routine nowadays which
paves the path for new spintronic applications.
On the contrary, the LRTC generation based on the interplay of SOC and exchange fields has not been
observed yet. More recently, transverse vertical heterostructures with in-plane magnetic fields and SOC
materials have been experimentally explored but no evidence for an LRTC was found [145–147]. In
accordance with previous theoretical works [31, 32], in such vertical multilayered S/F/S junctions the
condition for the generation of an LRTC is quite restrictive. For example, in order for a pure Rashba SOC
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to generate the LRTC, the magnetization has to have an out-of-plane component. This is a rather unfa-
vorable scenario as such exchange fields can create vortices in the superconductor and thus complicate
the interpretation of experimental results.
More suitable for the observation of LRTC induced by the SOC are lateral structures, where currents
have also a component flowing in the direction parallel to the hybrid interface [31, 32, 148–150].
The next Sec. 3.1 recapitulates the basics on the proximity effect under influence of spin-fields in dif-
fusive heterostructures. Based on that, we demonstrate that lateral junctions are the favorable setup to
study long ranged Josephson currents due to SOC. The reader familiar with the topic of long ranged
triplet correlations can skip this introductory section. In Sec. 3.2 the Josephson current is determined in
two types of realistic, lateral junctions with the focus on the control of possible 0-π transitions.
3.1 Generation of long range triplet components
3.1.1 Long range proximity effect at diffusive S/F interfaces
We first study the proximity effect at a diffusive S/N and S/F interface lying in the y-z-plane. We
assume that the proximity effect is weak, e.g. the case of an interface with low transparency, in which
the linearized Usadel Eq.(1.153) is valid:




− i∆(x)1̂f̂ = 0. (3.1)
Here D is the diffusion constant, ωn is the Matsubara frequency and ĥ = σ̂aha is the exchange field.
Symbols with a ·̂ stand for operators in spin space and σ̂a are the Pauli matrices. The Einstein summation
convention is used to sum over repeated indices. The general form of the condensate function in spin
space is




where fs is the singlet component and fat are the triplet components. In our representation the short
(long)-range triplet component corresponds to the component parallel (orthogonal) to the exchange or
Zeeman field. At the interface between the S and the N the anomalous Green’s function obeys the





The system is translational invariant in the y and z direction, thus the problem is effectively one dimen-
sional. Deep in the bulk of the superconductor, in the linearized limit, the anomalous Green’s function is
given by fBCS = −i ∆|ωn| . In a realistic calculation, the spatial dependence of ∆(x) has to be determined
self consistently. We assume a potential step like gap function ∆(x) = ∆(1−Θ(x)). Therefore, in the
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2|ωn|/D, i.e. the bulk solution decays on a length scale ξω = 1/κω, that is set by the
temperature of the system since |ωn| ∝ T . In diffusive systems at very low temperatures, this length
scale can be much larger then the coherence length ξ0 =
√
D/∆ and the mean free path. This shows
that the proximity effect in diffusive systems is not affected by disorder due to elastic scattering at non-
magnetic impurities.
Homogeneous exchange field
In the presence of the exchange field ĥ the in spin space structure of f̂ becomes relevant. The exchange
field causes a singlet-triplet conversion at the interface. For a time independent and homogeneous ex-
change field pointing along the z-direction, ĥ = hσ̂z the Usadel Eq.(3.1) in the bulk F region reduces
to






t − κ2ωfzt − 2isign(ωn)
h
D
fs = 0. (3.5)




























D . In typical systems, the energy h of the exchange field is much larger
than the thermal energy T . In that case we can approximate λ± ≈ (i± 1)/ξh, thus the superconducting
correlations fs and fzt decay and oscillate on the magnetic length scale ξh =
√
D/h in the F region.
The proximity effect is strongly suppressed compared to the case without the exchange field.
Linear domain wall at the interface
Interestingly, the suppression of the proximity effect can be avoided. It follows from Eq.(3.1) that a
triplet component of f̂ which anticommutes with the exchange field, i.e. a component perpendicular
to ĥ, will experience damping on the thermal length scale instead on the magnetic one. This can be
accomplished by introducing a inhomogeneous exchange field, as first discussed in Ref. [27], in the
context of a Bloch domain wall located at the S/F interface.
Let us briefly demonstrate the appearance of a long range component. We assume a superconductor for
x < 0 and for 0 < x < w a linear domain wall of the form
ĥ(x) = h [sin (Qx) σ̂y + cos (Qx) σ̂z] . (3.7)
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<latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit>
x
<latexit sha1_base64="d6joXGbjjzu+2PR4vmVLqySpgTg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhswX5AG8pmO2nXbjZhdyOW0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rG8N5ME/YgOJQ85o8ZKjad+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f5QWM+A==</latexit><latexit sha1_base64="d6joXGbjjzu+2PR4vmVLqySpgTg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhswX5AG8pmO2nXbjZhdyOW0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rG8N5ME/YgOJQ85o8ZKjad+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f5QWM+A==</latexit><latexit sha1_base64="d6joXGbjjzu+2PR4vmVLqySpgTg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhswX5AG8pmO2nXbjZhdyOW0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rG8N5ME/YgOJQ85o8ZKjad+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f5QWM+A==</latexit><latexit sha1_base64="d6joXGbjjzu+2PR4vmVLqySpgTg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhswX5AG8pmO2nXbjZhdyOW0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rG8N5ME/YgOJQ85o8ZKjad+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj0VrwclnjuEPnM8f5QWM+A==</latexit>
↵w
<latexit sha1_base64="8SKeh1Q4ygSg4mJqWvHQqfNnZBQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5t0d6OU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbmtx6Z0jyWD2aSMD/CgeQhp2is1O6iSIbYe+qVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDaz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vEqaF1XPrXr3l5XaTR5HEU7gFM7BgyuowR3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AHcSP/g==</latexit><latexit sha1_base64="8SKeh1Q4ygSg4mJqWvHQqfNnZBQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5t0d6OU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbmtx6Z0jyWD2aSMD/CgeQhp2is1O6iSIbYe+qVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDaz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vEqaF1XPrXr3l5XaTR5HEU7gFM7BgyuowR3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AHcSP/g==</latexit><latexit sha1_base64="8SKeh1Q4ygSg4mJqWvHQqfNnZBQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5t0d6OU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbmtx6Z0jyWD2aSMD/CgeQhp2is1O6iSIbYe+qVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDaz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vEqaF1XPrXr3l5XaTR5HEU7gFM7BgyuowR3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AHcSP/g==</latexit><latexit sha1_base64="8SKeh1Q4ygSg4mJqWvHQqfNnZBQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5t0d6OU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbmtx6Z0jyWD2aSMD/CgeQhp2is1O6iSIbYe+qVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDaz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vEqaF1XPrXr3l5XaTR5HEU7gFM7BgyuowR3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AHcSP/g==</latexit>
↵
<latexit sha1_base64="5zjcc4IBDPzE7U1sq1FI9TIO5Co=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZJKMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HaFhgkvWsNwK1k40wzgSrBWNb2d+64lpw5V8sJOEhTEOJR9witZJzS6KZIS9csWv+nOQVRLkpAI56r3yV7evaBozaalAYzqBn9gwQ205FWxa6qaGJUjHOGQdRyXGzITZ/NopOXNKnwyUdiUtmau/JzKMjZnEkeuM0Y7MsjcT//M6qR1chxmXSWqZpItFg1QQq8jsddLnmlErJo4g1dzdSugINVLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwiM8wyu8ecp78d69j0VrwctnjuEPvM8fik2PFA==</latexit><latexit sha1_base64="5zjcc4IBDPzE7U1sq1FI9TIO5Co=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZJKMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HaFhgkvWsNwK1k40wzgSrBWNb2d+64lpw5V8sJOEhTEOJR9witZJzS6KZIS9csWv+nOQVRLkpAI56r3yV7evaBozaalAYzqBn9gwQ205FWxa6qaGJUjHOGQdRyXGzITZ/NopOXNKnwyUdiUtmau/JzKMjZnEkeuM0Y7MsjcT//M6qR1chxmXSWqZpItFg1QQq8jsddLnmlErJo4g1dzdSugINVLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwiM8wyu8ecp78d69j0VrwctnjuEPvM8fik2PFA==</latexit><latexit sha1_base64="5zjcc4IBDPzE7U1sq1FI9TIO5Co=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZJKMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HaFhgkvWsNwK1k40wzgSrBWNb2d+64lpw5V8sJOEhTEOJR9witZJzS6KZIS9csWv+nOQVRLkpAI56r3yV7evaBozaalAYzqBn9gwQ205FWxa6qaGJUjHOGQdRyXGzITZ/NopOXNKnwyUdiUtmau/JzKMjZnEkeuM0Y7MsjcT//M6qR1chxmXSWqZpItFg1QQq8jsddLnmlErJo4g1dzdSugINVLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwiM8wyu8ecp78d69j0VrwctnjuEPvM8fik2PFA==</latexit><latexit sha1_base64="5zjcc4IBDPzE7U1sq1FI9TIO5Co=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZJKMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HaFhgkvWsNwK1k40wzgSrBWNb2d+64lpw5V8sJOEhTEOJR9witZJzS6KZIS9csWv+nOQVRLkpAI56r3yV7evaBozaalAYzqBn9gwQ205FWxa6qaGJUjHOGQdRyXGzITZ/NopOXNKnwyUdiUtmau/JzKMjZnEkeuM0Y7MsjcT//M6qR1chxmXSWqZpItFg1QQq8jsddLnmlErJo4g1dzdSugINVLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwiM8wyu8ecp78d69j0VrwctnjuEPvM8fik2PFA==</latexit>
w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>
a)
<latexit sha1_base64="VSBCH8XTHwb2jD4plA7BKyiVgiM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgnorePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqAX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDyQgjQ8=</latexit><latexit sha1_base64="VSBCH8XTHwb2jD4plA7BKyiVgiM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgnorePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqAX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDyQgjQ8=</latexit><latexit sha1_base64="VSBCH8XTHwb2jD4plA7BKyiVgiM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgnorePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqAX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDyQgjQ8=</latexit><latexit sha1_base64="VSBCH8XTHwb2jD4plA7BKyiVgiM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgnorePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqAX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nDyQgjQ8=</latexit>
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FIGURE 3.1: a) Geometrical setup used for the numerical study of an interface between a super-
conductor (S) a linear domain wall (DW) of width w/L = 0.2 and a ferromagnet (F) of length L.
The angle between the exchange field and the z-axis is α. In the numerical solution we chose the
exchange field in the homogeneous F region x > w to point along the z-direction. Towards the S,
the orientation of the exchange field is rotated by a total angle αw = π/2. b) Numerically obtained
absolute value of the singlet and triplet components normalized by their bulk value, for the Matsub-
ara frequency ωn=0 = πT and exchange field of magnitude h/∆ = 10. The calculation was done
for T/∆ = 0.01 and all lengths are in units of ξ0 =
√
D/∆.
The magnetization rotates around the x-axis with a wave vector Q. For x > w we have a homogeneous
ferromagnet with exchange field orientation ĥ(w). In order to solve the resulting Eq.(3.1) in the do-
main wall region we introduce a SU(2) local gauge transformation U(x) = e− i2Qxσ̂x that removes the
coordinate dependence from the domain wall. Inserting
f̂ = U−1(x) ˆ̃fU(x) (3.8)
























As can be inferred from the second and third term in Eq.(3.9) there exist two distinct mechanisms to
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generate triplet components of the anomalous Green’s function. The second term linear in Q is the
rotation of the spin due to spin precession. The third term proportional to Q2 is the diffusive spin
relaxation. It rescales the thermal decay length, is a tensorial quantity in general and can be anisotropic.
If triplet superconducting correlations penetrate a region with anisotropic spin relaxation, the triplet
component with the lowest decay rate is favored and the total spin will rotate into this direction. Writing
out Eq.(3.9) by components in spin space gives:
D∂2xf̃s − 2isign(ωn)hf̃zt − 2|ωn|f̃s = 0, (3.10)
D∂2xf̃
x





t −DQ2f̃yt − 2|ωn|f̃yt = 0, (3.12)
D∂2xf̃
z
t − 2DQf̃yt −DQ2f̃zt − 2|ωn|f̃yt − 2isign(ωn)hf̃s = 0. (3.13)
From this one infers that the component f̃yt does not couple to the exchange field. Thus if generated, it
decays on the thermal length scale in the region x > w where Q = 0.
To obtain a analytical solution for Eq.(3.9) in the F-region, we seek for a perturbative solution up to
first order in Q which is justified as long as DQ2  T . In this example the exchange field in the
homogeneous region x > w points along the z-axis and rotates towards the S/F interface by an angle αw
as shown in Fig. 3.1 a). In zeroth order in Q, the homogeneous case, the solution of the system is given
by Eq.(3.6). The first order correction to f̃yt is determined from
D∂2xf̃
y
t − 2|ωn|f̃yt = +2DQf̃zt , (3.14)
together with the boundary conditions between the S/F and between the domain wall and a semi-infinite







(0+) = 0, (3.15)
f̂(w − 0+) = f̂(w + 0+), (3.16)
∂xf̂(w − 0+) = ∂xf̂(w + 0+). (3.17)
Under the approximation T  h and ξh  w as well as only a small rotation of the magnetization in
the domain wall Qw  1 one finds that in the region of the homogenous exchange field x > L
fyt (x) = sign(ωn)iQξhξωγfBCSe
−κωx. (3.18)
This component is long range as it decays on the thermal length scale. Details of the calculation are
shown in the App. A.4 and an exact solution of the problem can be found in Ref. [27].
The full numerical solution of the system for a finite F region, is shown in Fig. 3.1 b). In the domain
wall region, the triplet components parallel and perpendicular to the homogeneous exchange field in
the F region get generated, and decay on a length scale of the order of ξh. The decay of the triplet
components perpendicular to the x-direction, varies along x due to the rotation of the exchange field. In
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x > w , the component of the anomalous Green’s function perpendicular to the exchange field is fyt , and
it decays on a much longer length scale compared to fs and fzt as expected.
3.1.2 Long range triplet components from spin-orbit coupling
The derivation in the previous section reveals another interesting result. As ruled out in Ref. [32], the
gauge transformed Eq. (3.9) can be brought into the form







Here ∇̃x· = ∂x · +iQ2 [σ̂x, ·] is the covariant derivative introduced in Sec. 1.4 in the context of SU(2)
gauge invariant transport Eq. (1.142), and is equivalent to a linear in momentum SOC with the field
component Âx = −Q/2σ̂x. This shows the gauge equivalence of a linear domain wall in a S/F het-
erostructure and a superconductor with linear in momentum SOC under presence of a homogeneous
exchange field. It follows that heterostructures involving SOC fields are also able to restore the long-
range decay behavior by generating triplet components perpendicular to the exchange field.
We now turn to systems with homogeneous exchange fields and SOC with linear in momentum and
spatially constant SOC. In this case the linearized Usadel Eq. (1.153) reads





with ∇̃k = ∂k − i[Âk, . . . ], where Âk = σ̂
a
2 Aak describe the SOC fields. In its linearized form, the
corresponding Kupriyanov-Lukichev boundary conditions generalized for materials with SOC at an S/X







where X denotes any non-superconductor material and fBCS = ∆e
iϕ√
∆2−ω2n
is the anomalous Green’s
function in the bulk S region with the amplitude of the superconducting order parameter ∆ and its
phase ϕ in the S region. Due to the gauge equivalence it is just the system of equations and boundary
conditions (3.1)-(3.3) we used for the domain wall problem by replacing the normal spatial derivative


















− 2|ωn|fat − 2isign(ωn)fsha = 0. (3.23)
From these equations we recognize the two distinct mechanisms that generate triplet correlations in sys-
tems with spatially homogenous spin fields. The spin precession, corresponding to the terms proportional
to spin precession tensor Cabk = εacbAck, and spin relaxation, corresponding to the terms proportional to
the Dyakonov-Perel (DP) spin relaxation tensor Γab = AckAckδa,b −AakAbk.
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FIGURE 3.2: Rotation of the polarization of the triplet components for a) spin precession and
isotropic spin relaxation and b) pure anisotropic spin relaxation (β/α = 1/3) at T = 0.
Let us briefly illustrate the two effects through minimal examples. In our example the triplet components
are polarized in the z-direction in spin space at x = 0, f̂ = fz0 σ̂
z , and we are interested in the spatial
variation of the triplet components in the x-direction. We first focus on the spin precession mechfanism
and choose the SOC fields Âk = δakα, which corresponds to an isotropic SOC, and thus a isotropic spin
relaxation. In this case, the Eqs. (3.22), (3.23) read
D∂2xf
y





t − 2 |ωn| fzt − 2Dα2fzt = 0. (3.25)
This system is easily solved in the case when the thermal energy is much smaller than the spin relaxation
energy, T  Dα2, giving
fyt (x) = sin (αx) e
−αxfz0 , (3.26)
fzt (x) = cos (αx) e
−αxfz0 . (3.27)
We see that the precession rotates the polarization around the x-axis in a helical way accompanied by
an isotropic decay. In this example the choice of the x-direction to track the evolution of the initial
polarization is arbitrary as the system is isotropic. The evolution in z-direction is trivial as there Czaz = 0
so there is no rotation of the polarization due to precession. In a realistic situation the polarization rotates
around the direction of the spin inhomogeneity in space.
Now let us turn to the generation of triplet components through spin relaxation. Therefore we need to
the latter to be non-isotropic. Let us choose the SOC fields Ayz = α and Azz = β and assume the same
situation as above otherwise. The spin precession terms in the Eqs. (3.22), (3.23) vanish and we are left


















t = 0, (3.29)
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α2 + β2. The result shows that the initial z polarization of the correlations turns towards
the direction with the lowest relaxation rate. This is the case as long as the initial polarization has a
component perpendicular to the principle axis of the spin relaxation tensor. The spatial variation of the
absolute value of the polarizations for both cases are shown schematically in Fig. 3.2.
Spin precession and relaxation for Rashba and Dresselhaus SOC - transversal vs lateral structures
The condition for the generation of LRTCs due to spin precession is the existence of a SOC field com-
ponent Âk that does not commute with the exchange field and with a spatial component along the spin
inhomogeneity. Within the gauge covariant formulation this is equivalent to a finite SU(2) field tensor
component





This is the SU(2) analogon of the electric field tensor [31, 32] and we will therefore call it the SU(2)
electric field. In the DW problem Fk,0 was finite due to the spatial variation of the exchange field, while
for the case of a homogeneous exchange field, the SOC field has to have components perpendicular to
the exchange field.
The LRTC generation due to spin relaxation is possible as long as the DP tensor couples the triplet
component with spin parallel to the exchange field to the components of f̂ that are perpendicular to the








We now explore the dependence of the LRTC generation on the geometry of the heterostructure under
the presence of Rashba and Dresselhaus SOC. We consider two basic arrangements of the interface, a
transversal and lateral heterostructure.
Transversal structure
We start by studying the setup shown in Fig. 3.3 a). For simplicity we assume a interface between a S
and a homogeneous F with finite SOC. In a more realistic setup the individual fields could be arranged
in separate layers of F and SOC materials, similar to the DW problem shown in Fig. 3.1, but replacing
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<latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit>
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<latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit>
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<latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit>
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<latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit>
SOC
<latexit sha1_base64="QOdNfZx5yizTSjykENsRQcfUj84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFmpdYW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4OxvWZ337i2ohYPeAk4X5Eh0qEglG0UrN5V++XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEoeL6qeW/XuLyu1mzyOIpzAKZyDB1dQg1toQAsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4A1QeNeQ==</latexit><latexit sha1_base64="QOdNfZx5yizTSjykENsRQcfUj84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFmpdYW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4OxvWZ337i2ohYPeAk4X5Eh0qEglG0UrN5V++XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEoeL6qeW/XuLyu1mzyOIpzAKZyDB1dQg1toQAsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4A1QeNeQ==</latexit><latexit sha1_base64="QOdNfZx5yizTSjykENsRQcfUj84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFmpdYW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4OxvWZ337i2ohYPeAk4X5Eh0qEglG0UrN5V++XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEoeL6qeW/XuLyu1mzyOIpzAKZyDB1dQg1toQAsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4A1QeNeQ==</latexit><latexit sha1_base64="QOdNfZx5yizTSjykENsRQcfUj84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUevFmpdYW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4OxvWZ337i2ohYPeAk4X5Eh0qEglG0UrN5V++XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEoeL6qeW/XuLyu1mzyOIpzAKZyDB1dQg1toQAsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4A1QeNeQ==</latexit>
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<latexit sha1_base64="wnjX/kPmEin8t9QmFmcPKwsFLAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigp6k4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lg5kk6Ed0KHnIGTVWalz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1WPbfqNa4qtds8jiKcwCmcgwfXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHBRjKs=</latexit><latexit sha1_base64="wnjX/kPmEin8t9QmFmcPKwsFLAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigp6k4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lg5kk6Ed0KHnIGTVWalz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1WPbfqNa4qtds8jiKcwCmcgwfXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHBRjKs=</latexit><latexit sha1_base64="wnjX/kPmEin8t9QmFmcPKwsFLAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigp6k4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lg5kk6Ed0KHnIGTVWalz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1WPbfqNa4qtds8jiKcwCmcgwfXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHBRjKs=</latexit><latexit sha1_base64="wnjX/kPmEin8t9QmFmcPKwsFLAI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigp6k4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48auk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfDfz20+oNI/lg5kk6Ed0KHnIGTVWalz0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1WPbfqNa4qtds8jiKcwCmcgwfXUIN7qEMTGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHBRjKs=</latexit>
0
<latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit><latexit sha1_base64="uKd9vUCVc0ptyBs+gl9KEJrJAC8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sual6btVr1SqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9044ym</latexit>a)
<latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit>
F
<latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit><latexit sha1_base64="r7JDHSVi1a+aaoRJEtVdR3M4vT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUBPHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGnf9csWtunOQVeLlpAI56v3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xKWhdVz616jctK7SaPowgncArn4MEV1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/mT2Mxg==</latexit>
S
<latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit><latexit sha1_base64="YysYArIJ4MYZH1tyhAchUi8M+O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHhs0X5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8frPGM0w==</latexit>
x
<latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit><latexit sha1_base64="BJzBhsLwXSTB5Lw6Dgv99f7gkUY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4gOM7g==</latexit>
z
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FIGURE 3.3: Scheme of the considered interface geometries, a) transversal interface and b) lateral
interface.
the DW region by a SOC active layer. The structure chosen to be translational invariant in the y-z plane,
thus the Rashba and Dresselhaus SOC are described by the fields
Ây = α/2σ̂z − β/2σ̂y, (3.34)
Âz = β/2σ̂z − α/2σ̂y, (3.35)
where α, β are the strengths of the Rashba and Dresselhaus SOC, respectively. As the structure is
inhomogeneous in x-direction, combining the definition of the fields and Eq. (3.32) we see that there is
no generation of triplet components due to spin precession effects (Fx,0 = 0). The remaining possibility




(haσ̂a + hxσ̂x) + 2αβ (hyσ̂z + hzσ̂y) , haσ̂a
]
6= 0. (3.36)
It follows that if all exchange field components are finite, an LRTC is generated for any choice of α,
β. In a more realistic structure this situation could be achieved by using multiple thin layers (below
the magnetic decay length) with different orientations of the exchange field or by using a intrinsically
inhomogeneous F. However, this again makes the SOC fields obsolete as this case is similar to the DW
problem where we know that spin precession generates LRTCs. Therefore we consider homogeneous
exchange fields in the following.
A finite exchange field component perpendicular to the interface can induce vortices at the interface
which complicates the experimental situation. A more favorable setup is to have a ferromagnet with a
parallel orientation of the exchange field with respect to the interface, hx = 0. In this case the left hand
side of Eq. (3.36) is finite only in the case when both, Dresselhaus and Rashba SOC are finite and if
hy 6= hz .
Lateral structure
We now consider the case of a lateral structure as shown in Fig. 3.3 b). A superconductor and a thin SOC
active layer are stacked on top of a ferromagnetic bar. The SOC field is finite only in the SOC layer
Aak(x, z) = Θ(W + d− z)Θ(z −W )Θ(−x)Aak, (3.37)
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with constant Aak. The Rashba and Dresselhaus SOC are defined by the fields
Âx = β/2σx − α/2σy, (3.38)
Ây = α/2σx − β/2σy. (3.39)
The exchange field has only finite components in the x-y plane,
ĥ(x, z) = hxσ̂x + hyΘ(z)Θ(W − z). (3.40)
The structure is translational invariant in the y-direction. We are interested if LRTCs are generated in the
F bar and their evolution along the positive x-direction. Without loss of generality we can assume that
the thickness d of the SOC interlayer and the bridge W is small against the typical length on which f̂
changes. This reduces the initial two-dimensional problem to an effective one dimensional one. Within
this simplification we have a fully proximized homogeneous F with SOC coupling with an interface at
x = 0 to a plain F. Now calculating the SU(2) electric field in direction of the spin field inhomogeneity,
Fx,0 = (αhx + βhy) σ̂z, (3.41)












which is finite if hx, β > 0 or hy, α > 0. Clearly the lateral setup is the less restrictive geometry to
generate potential LRTCs with respect to the choice of SOC and exchange field parameters. Even more
importantly they allow for the interplay of both effects as we will show in the following section in a
rigorous way.
3.2 Switchable Josephson current in junctions with spin-orbit coupling
∗
Motivated by the previous possibilities regarding the generation of the LRTC, in this section we study
two types of lateral junctions that are good candidates for their detection and offer multiple possibilities
to control the Josephson current through the spin fields. We will refer to those candidates as type 1 and
type 2 junctions. The type 1 junction consists of two superconducting electrodes on top of a ferromag-
netic film, as shown in Fig. 3.4 a). Between the two materials we assume there is an interlayer with a
finite SOC. We refer to this junction as type 1 junction. The type 2 junction, shown in Fig. 3.4 b), consists
of a similar lateral geometry, but the SOC is finite in the bridge region. Whereas type 1 junctions may
correspond to junctions with a heavy metal interlayer, type 2 junctions describe, for example, a lateral
Josephson junction made of a 2D electron gas in the presence of a Zeeman field and SOC. We assume
that in both junctions the distance between the superconductor electrodes is larger than the magnetic
∗This section has been submitted in form of an article to Physical Review B: “Switchable Josephson current in junctions
with spin-orbit coupling”, B. Bujnowski, R. Biele and F.S. Bergeret, (2019)
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<latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit>
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<latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit>
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<latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit>
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<latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit>
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<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
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<latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit><latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit><latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit>
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<latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit>
S
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
F
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
a)
<latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit>
h
<latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit>
b)
<latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit>
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2<latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit>
SOC<latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit>
S C
<latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit>
x
<latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit>
y
<latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit>
z
<latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit>
L
<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
ϑ
<latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit><latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit><latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit>
<latexit sha1_base64="VJfVUYa5Yxr+KrC/F5bahVfXEQA=">AAACKXicbVDLSsNAFJ34rPGtSzfBIriQkoigy6IblxWsD5pQJtNbOzgzCTM31RLyFW71C/wad+rWH3FaI9jWAxcO59wXJ04FN+j7H87M7Nz8wmJlyV1eWV1b39jcujJJphk0WSISfRNTA4IraCJHATepBipjAdfx/dnQv+6DNjxRlzhIIZL0TvEuZxStdBv2qcYeIG1vVP2aP4I3TYKSVEmJRnvTccNOwjIJCpmgxrQCP8Uot/s4E1C4YWYgpeye3kHLUkUlmCgffVx4e1bpeN1E21LojdS/EzmVxgxkbDslxZ6Z9IbiQSz/s1sZdk+inKs0Q1Ds51Y3Ex4m3jABr8M1MBQDSyjT3L7rsR7VlKHNyQ0VPLBESqo6eQhQ5CHCI+ZQFOMW578WLwqbXjCZ1TS5OqwFfi24OKrWT8scK2SH7JJ9EpBjUifnpEGahBFJnsgzeXFenTfn3fn8aZ1xypltMgbn6xv3Iqgp</latexit>0
<latexit sha1_base64="vfefjCY5wAlUX69f7J3ysHE4ICI=">AAACIXicbVBNS8NAEN3Urxq/Wj16CRbBg5REBD0WvXhUsLbQlLLZTtulu5uwO1FLyC/wqr/AX+NNvIl/xm2tYFsfDDzem2FmXpQIbtD3P53C0vLK6lpx3d3Y3NreKZV370ycagZ1FotYNyNqQHAFdeQooJlooDIS0IiGl2O/cQ/a8Fjd4iiBtqR9xXucUbTSjd8pVfyqP4G3SIIpqZAprjtlxw27MUslKGSCGtMK/ATbGdXImYDcDVMDCWVD2oeWpYpKMO1scmnuHVql6/VibUuhN1H/TmRUGjOSke2UFAdm3huLx5H8z26l2DtvZ1wlKYJiP7t6qfAw9safe12ugaEYWUKZ5vZcjw2opgxtPm6o4IHFUlLVzUKAPAsRHjGDPJ+1OP+1eJ7b9IL5rBbJ3Uk18KvBzWmldjHNsUj2yQE5IgE5IzVyRa5JnTAC5Ik8kxfn1Xlz3p2Pn9aCM53ZIzNwvr4BlhqkTg==</latexit><latexit sha1_base64="vfefjCY5wAlUX69f7J3ysHE4ICI=">AAACIXicbVBNS8NAEN3Urxq/Wj16CRbBg5REBD0WvXhUsLbQlLLZTtulu5uwO1FLyC/wqr/AX+NNvIl/xm2tYFsfDDzem2FmXpQIbtD3P53C0vLK6lpx3d3Y3NreKZV370ycagZ1FotYNyNqQHAFdeQooJlooDIS0IiGl2O/cQ/a8Fjd4iiBtqR9xXucUbTSjd8pVfyqP4G3SIIpqZAprjtlxw27MUslKGSCGtMK/ATbGdXImYDcDVMDCWVD2oeWpYpKMO1scmnuHVql6/VibUuhN1H/TmRUGjOSke2UFAdm3huLx5H8z26l2DtvZ1wlKYJiP7t6qfAw9safe12ugaEYWUKZ5vZcjw2opgxtPm6o4IHFUlLVzUKAPAsRHjGDPJ+1OP+1eJ7b9IL5rBbJ3Uk18KvBzWmldjHNsUj2yQE5IgE5IzVyRa5JnTAC5Ik8kxfn1Xlz3p2Pn9aCM53ZIzNwvr4BlhqkTg==</latexit><latexit sha1_base64="vfefjCY5wAlUX69f7J3ysHE4ICI=">AAACIXicbVBNS8NAEN3Urxq/Wj16CRbBg5REBD0WvXhUsLbQlLLZTtulu5uwO1FLyC/wqr/AX+NNvIl/xm2tYFsfDDzem2FmXpQIbtD3P53C0vLK6lpx3d3Y3NreKZV370ycagZ1FotYNyNqQHAFdeQooJlooDIS0IiGl2O/cQ/a8Fjd4iiBtqR9xXucUbTSjd8pVfyqP4G3SIIpqZAprjtlxw27MUslKGSCGtMK/ATbGdXImYDcDVMDCWVD2oeWpYpKMO1scmnuHVql6/VibUuhN1H/TmRUGjOSke2UFAdm3huLx5H8z26l2DtvZ1wlKYJiP7t6qfAw9safe12ugaEYWUKZ5vZcjw2opgxtPm6o4IHFUlLVzUKAPAsRHjGDPJ+1OP+1eJ7b9IL5rBbJ3Uk18KvBzWmldjHNsUj2yQE5IgE5IzVyRa5JnTAC5Ik8kxfn1Xlz3p2Pn9aCM53ZIzNwvr4BlhqkTg==</latexit>
<latexit sha1_base64="vfefjCY5wAlUX69f7J3ysHE4ICI=">AAACIXicbVBNS8NAEN3Urxq/Wj16CRbBg5REBD0WvXhUsLbQlLLZTtulu5uwO1FLyC/wqr/AX+NNvIl/xm2tYFsfDDzem2FmXpQIbtD3P53C0vLK6lpx3d3Y3NreKZV370ycagZ1FotYNyNqQHAFdeQooJlooDIS0IiGl2O/cQ/a8Fjd4iiBtqR9xXucUbTSjd8pVfyqP4G3SIIpqZAprjtlxw27MUslKGSCGtMK/ATbGdXImYDcDVMDCWVD2oeWpYpKMO1scmnuHVql6/VibUuhN1H/TmRUGjOSke2UFAdm3huLx5H8z26l2DtvZ1wlKYJiP7t6qfAw9safe12ugaEYWUKZ5vZcjw2opgxtPm6o4IHFUlLVzUKAPAsRHjGDPJ+1OP+1eJ7b9IL5rBbJ3Uk18KvBzWmldjHNsUj2yQE5IgE5IzVyRa5JnTAC5Ik8kxfn1Xlz3p2Pn9aCM53ZIzNwvr4BlhqkTg==</latexit>
W
<latexit sha1_base64="sseJ/54KZkv0SPoKlsVnXjI3IdA=">AAACIXicbVDLSgNBEJyNrxhfiR69LAbBg4RdEfQY9OIxAfOAbAizk44ZMjO7zPSqYdkv8Kpf4Nd4E2/izzh5CJpY0FBUddPdFcaCG/S8Tye3srq2vpHfLGxt7+zuFUv7TRMlmkGDRSLS7ZAaEFxBAzkKaMcaqAwFtMLR9cRv3YM2PFK3OI6hK+md4gPOKFqp3uoVy17Fm8JdJv6clMkctV7JKQT9iCUSFDJBjen4XozdlGrkTEBWCBIDMWUjegcdSxWVYLrp9NLMPbZK3x1E2pZCd6r+nkipNGYsQ9spKQ7NojcRT0P5n91JcHDZTbmKEwTFZrsGiXAxciefu32ugaEYW0KZ5vZclw2ppgxtPoVAwQOLpKSqnwYAWRogPGIKWfbX4vzH4llm0/MXs1omzbOK71X8+nm5ejXPMU8OyRE5IT65IFVyQ2qkQRgB8kSeyYvz6rw5787HrDXnzGcOyB84X9/Z5aR1</latexit><latexit sha1_base64="sseJ/54KZkv0SPoKlsVnXjI3IdA=">AAACIXicbVDLSgNBEJyNrxhfiR69LAbBg4RdEfQY9OIxAfOAbAizk44ZMjO7zPSqYdkv8Kpf4Nd4E2/izzh5CJpY0FBUddPdFcaCG/S8Tye3srq2vpHfLGxt7+zuFUv7TRMlmkGDRSLS7ZAaEFxBAzkKaMcaqAwFtMLR9cRv3YM2PFK3OI6hK+md4gPOKFqp3uoVy17Fm8JdJv6clMkctV7JKQT9iCUSFDJBjen4XozdlGrkTEBWCBIDMWUjegcdSxWVYLrp9NLMPbZK3x1E2pZCd6r+nkipNGYsQ9spKQ7NojcRT0P5n91JcHDZTbmKEwTFZrsGiXAxciefu32ugaEYW0KZ5vZclw2ppgxtPoVAwQOLpKSqnwYAWRogPGIKWfbX4vzH4llm0/MXs1omzbOK71X8+nm5ejXPMU8OyRE5IT65IFVyQ2qkQRgB8kSeyYvz6rw5787HrDXnzGcOyB84X9/Z5aR1</latexit><latexit sha1_base64="sseJ/54KZkv0SPoKlsVnXjI3IdA=">AAACIXicbVDLSgNBEJyNrxhfiR69LAbBg4RdEfQY9OIxAfOAbAizk44ZMjO7zPSqYdkv8Kpf4Nd4E2/izzh5CJpY0FBUddPdFcaCG/S8Tye3srq2vpHfLGxt7+zuFUv7TRMlmkGDRSLS7ZAaEFxBAzkKaMcaqAwFtMLR9cRv3YM2PFK3OI6hK+md4gPOKFqp3uoVy17Fm8JdJv6clMkctV7JKQT9iCUSFDJBjen4XozdlGrkTEBWCBIDMWUjegcdSxWVYLrp9NLMPbZK3x1E2pZCd6r+nkipNGYsQ9spKQ7NojcRT0P5n91JcHDZTbmKEwTFZrsGiXAxciefu32ugaEYW0KZ5vZclw2ppgxtPoVAwQOLpKSqnwYAWRogPGIKWfbX4vzH4llm0/MXs1omzbOK71X8+nm5ejXPMU8OyRE5IT65IFVyQ2qkQRgB8kSeyYvz6rw5787HrDXnzGcOyB84X9/Z5aR1</latexit>
<latexit sha1_base64="sseJ/54KZkv0SPoKlsVnXjI3IdA=">AAACIXicbVDLSgNBEJyNrxhfiR69LAbBg4RdEfQY9OIxAfOAbAizk44ZMjO7zPSqYdkv8Kpf4Nd4E2/izzh5CJpY0FBUddPdFcaCG/S8Tye3srq2vpHfLGxt7+zuFUv7TRMlmkGDRSLS7ZAaEFxBAzkKaMcaqAwFtMLR9cRv3YM2PFK3OI6hK+md4gPOKFqp3uoVy17Fm8JdJv6clMkctV7JKQT9iCUSFDJBjen4XozdlGrkTEBWCBIDMWUjegcdSxWVYLrp9NLMPbZK3x1E2pZCd6r+nkipNGYsQ9spKQ7NojcRT0P5n91JcHDZTbmKEwTFZrsGiXAxciefu32ugaEYW0KZ5vZclw2ppgxtPoVAwQOLpKSqnwYAWRogPGIKWfbX4vzH4llm0/MXs1omzbOK71X8+nm5ejXPMU8OyRE5IT65IFVyQ2qkQRgB8kSeyYvz6rw5787HrDXnzGcOyB84X9/Z5aR1</latexit>
W + d
<latexit sha1_base64="nioppr9cZXycDeyQnCZNl2aKTuA=">AAACI3icbVBNS8NAEN34WeNXq0cvwSIISklE0GPRi0dFa4UmlM1mWhd3N2F3opaQn+BVf4G/xpt48eB/cVsraPXBwOO9GWbmxZngBn3/3Zmanpmdm68suItLyyur1drapUlzzaDFUpHqq5gaEFxBCzkKuMo0UBkLaMc3x0O/fQva8FRd4CCDSNK+4j3OKFrpvL2TdKt1v+GP4P0lwZjUyRin3ZrjhknKcgkKmaDGdAI/w6igGjkTULphbiCj7Ib2oWOpohJMVIxuLb0tqyReL9W2FHoj9edEQaUxAxnbTknx2kx6Q3E3lv/ZnRx7h1HBVZYjKPa1q5cLD1Nv+LuXcA0MxcASyjS353rsmmrK0CbkhgruWColVUkRApRFiHCPBZTlb4vzb4uXpU0vmMzqL7ncawR+IzjbrzePxjlWyAbZJNskIAekSU7IKWkRRvrkgTySJ+fZeXFenbev1ilnPLNOfsH5+AQdq6UY</latexit><latexit sha1_base64="nioppr9cZXycDeyQnCZNl2aKTuA=">AAACI3icbVBNS8NAEN34WeNXq0cvwSIISklE0GPRi0dFa4UmlM1mWhd3N2F3opaQn+BVf4G/xpt48eB/cVsraPXBwOO9GWbmxZngBn3/3Zmanpmdm68suItLyyur1drapUlzzaDFUpHqq5gaEFxBCzkKuMo0UBkLaMc3x0O/fQva8FRd4CCDSNK+4j3OKFrpvL2TdKt1v+GP4P0lwZjUyRin3ZrjhknKcgkKmaDGdAI/w6igGjkTULphbiCj7Ib2oWOpohJMVIxuLb0tqyReL9W2FHoj9edEQaUxAxnbTknx2kx6Q3E3lv/ZnRx7h1HBVZYjKPa1q5cLD1Nv+LuXcA0MxcASyjS353rsmmrK0CbkhgruWColVUkRApRFiHCPBZTlb4vzb4uXpU0vmMzqL7ncawR+IzjbrzePxjlWyAbZJNskIAekSU7IKWkRRvrkgTySJ+fZeXFenbev1ilnPLNOfsH5+AQdq6UY</latexit><latexit sha1_base64="nioppr9cZXycDeyQnCZNl2aKTuA=">AAACI3icbVBNS8NAEN34WeNXq0cvwSIISklE0GPRi0dFa4UmlM1mWhd3N2F3opaQn+BVf4G/xpt48eB/cVsraPXBwOO9GWbmxZngBn3/3Zmanpmdm68suItLyyur1drapUlzzaDFUpHqq5gaEFxBCzkKuMo0UBkLaMc3x0O/fQva8FRd4CCDSNK+4j3OKFrpvL2TdKt1v+GP4P0lwZjUyRin3ZrjhknKcgkKmaDGdAI/w6igGjkTULphbiCj7Ib2oWOpohJMVIxuLb0tqyReL9W2FHoj9edEQaUxAxnbTknx2kx6Q3E3lv/ZnRx7h1HBVZYjKPa1q5cLD1Nv+LuXcA0MxcASyjS353rsmmrK0CbkhgruWColVUkRApRFiHCPBZTlb4vzb4uXpU0vmMzqL7ncawR+IzjbrzePxjlWyAbZJNskIAekSU7IKWkRRvrkgTySJ+fZeXFenbev1ilnPLNOfsH5+AQdq6UY</latexit><latexit sha1_base64="nioppr9cZXycDeyQnCZNl2aKTuA=">AAACI3icbVBNS8NAEN34WeNXq0cvwSIISklE0GPRi0dFa4UmlM1mWhd3N2F3opaQn+BVf4G/xpt48eB/cVsraPXBwOO9GWbmxZngBn3/3Zmanpmdm68suItLyyur1drapUlzzaDFUpHqq5gaEFxBCzkKuMo0UBkLaMc3x0O/fQva8FRd4CCDSNK+4j3OKFrpvL2TdKt1v+GP4P0lwZjUyRin3ZrjhknKcgkKmaDGdAI/w6igGjkTULphbiCj7Ib2oWOpohJMVIxuLb0tqyReL9W2FHoj9edEQaUxAxnbTknx2kx6Q3E3lv/ZnRx7h1HBVZYjKPa1q5cLD1Nv+LuXcA0MxcASyjS353rsmmrK0CbkhgruWColVUkRApRFiHCPBZTlb4vzb4uXpU0vmMzqL7ncawR+IzjbrzePxjlWyAbZJNskIAekSU7IKWkRRvrkgTySJ+fZeXFenbev1ilnPLNOfsH5+AQdq6UY</latexit>
h
<latexit sha1_base64="Lc2p2A0JygSRA+JPR6BvoDncPRY=">AAACJnicbVBNS8NAEN3Ur1q/Wj16CRbBg5REBD0WvXisYD+gKWWznbZrdzdhd6KWkP/gVX+Bv8abiDd/iklbwbY+GHi8N8PMPD8U3KDjfFm5ldW19Y38ZmFre2d3r1jab5gg0gzqLBCBbvnUgOAK6shRQCvUQKUvoOmPrjO/+QDa8EDd4TiEjqQDxfucUUylhufLeJh0i2Wn4kxgLxN3Rspkhlq3ZBW8XsAiCQqZoMa0XSfETkw1ciYgKXiRgZCyER1AO6WKSjCdeHJuYh+nSs/uBzothfZE/TsRU2nMWPppp6Q4NIteJp768j+7HWH/shNzFUYIik139SNhY2Bn79s9roGhGKeEMs3Tc202pJoyTEMqeAoeWSAlVb3YA0hiD+EJY0iSeYvzX4snWXruYlbLpHFWcZ2Ke3terl7NcsyTQ3JETohLLkiV3JAaqRNG7skzeSGv1pv1bn1Yn9PWnDWbOSBzsL5/AG4ypts=</latexit><latexit sha1_base64="Lc2p2A0JygSRA+JPR6BvoDncPRY=">AAACJnicbVBNS8NAEN3Ur1q/Wj16CRbBg5REBD0WvXisYD+gKWWznbZrdzdhd6KWkP/gVX+Bv8abiDd/iklbwbY+GHi8N8PMPD8U3KDjfFm5ldW19Y38ZmFre2d3r1jab5gg0gzqLBCBbvnUgOAK6shRQCvUQKUvoOmPrjO/+QDa8EDd4TiEjqQDxfucUUylhufLeJh0i2Wn4kxgLxN3Rspkhlq3ZBW8XsAiCQqZoMa0XSfETkw1ciYgKXiRgZCyER1AO6WKSjCdeHJuYh+nSs/uBzothfZE/TsRU2nMWPppp6Q4NIteJp768j+7HWH/shNzFUYIik139SNhY2Bn79s9roGhGKeEMs3Tc202pJoyTEMqeAoeWSAlVb3YA0hiD+EJY0iSeYvzX4snWXruYlbLpHFWcZ2Ke3terl7NcsyTQ3JETohLLkiV3JAaqRNG7skzeSGv1pv1bn1Yn9PWnDWbOSBzsL5/AG4ypts=</latexit><latexit sha1_base64="Lc2p2A0JygSRA+JPR6BvoDncPRY=">AAACJnicbVBNS8NAEN3Ur1q/Wj16CRbBg5REBD0WvXisYD+gKWWznbZrdzdhd6KWkP/gVX+Bv8abiDd/iklbwbY+GHi8N8PMPD8U3KDjfFm5ldW19Y38ZmFre2d3r1jab5gg0gzqLBCBbvnUgOAK6shRQCvUQKUvoOmPrjO/+QDa8EDd4TiEjqQDxfucUUylhufLeJh0i2Wn4kxgLxN3Rspkhlq3ZBW8XsAiCQqZoMa0XSfETkw1ciYgKXiRgZCyER1AO6WKSjCdeHJuYh+nSs/uBzothfZE/TsRU2nMWPppp6Q4NIteJp768j+7HWH/shNzFUYIik139SNhY2Bn79s9roGhGKeEMs3Tc202pJoyTEMqeAoeWSAlVb3YA0hiD+EJY0iSeYvzX4snWXruYlbLpHFWcZ2Ke3terl7NcsyTQ3JETohLLkiV3JAaqRNG7skzeSGv1pv1bn1Yn9PWnDWbOSBzsL5/AG4ypts=</latexit><latexit sha1_base64="Lc2p2A0JygSRA+JPR6BvoDncPRY=">AAACJnicbVBNS8NAEN3Ur1q/Wj16CRbBg5REBD0WvXisYD+gKWWznbZrdzdhd6KWkP/gVX+Bv8abiDd/iklbwbY+GHi8N8PMPD8U3KDjfFm5ldW19Y38ZmFre2d3r1jab5gg0gzqLBCBbvnUgOAK6shRQCvUQKUvoOmPrjO/+QDa8EDd4TiEjqQDxfucUUylhufLeJh0i2Wn4kxgLxN3Rspkhlq3ZBW8XsAiCQqZoMa0XSfETkw1ciYgKXiRgZCyER1AO6WKSjCdeHJuYh+nSs/uBzothfZE/TsRU2nMWPppp6Q4NIteJp768j+7HWH/shNzFUYIik139SNhY2Bn79s9roGhGKeEMs3Tc202pJoyTEMqeAoeWSAlVb3YA0hiD+EJY0iSeYvzX4snWXruYlbLpHFWcZ2Ke3terl7NcsyTQ3JETohLLkiV3JAaqRNG7skzeSGv1pv1bn1Yn9PWnDWbOSBzsL5/AG4ypts=</latexit>
SO
<latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit><latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit><latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit>
<latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit>
S
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
F
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
h
<latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit>
#
<latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit>
x
<latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit><latexit sha1_base64="Xb2gHMoGwRhrW/OgQvHRwb1cQmM=">AAACIXicbVDLSsRAEJz4XONbj14GF8GDLIkIehS9eNwFdxU2QSaTjg7OTMJMR11CvsCrfoFf4028iT/j7LqCr4KGoqqb7q6kkMJiELx5E5NT0zOzjTl/fmFxaXllda1n89Jw6PJc5uY8YRak0NBFgRLOCwNMJRLOkuvjoX92A8aKXJ/ioIBYsUstMsEZOqlzd7HSDFrBCPQvCcekScZoX6x6fpTmvFSgkUtmbT8MCowrZlBwCbUflRYKxq/ZJfQd1UyBjavRpTXdckpKs9y40khH6veJiilrBypxnYrhlf3tDcWdRP1n90vMDuJK6KJE0PxzV1ZKijkdfk5TYYCjHDjCuBHuXMqvmGEcXT5+pOGW50oxnVYRQF1FCHdYQV3/tIT4skRdu/TC31n9Jb3dVhi0ws5e8/BonGODbJBNsk1Csk8OyQlpky7hBMg9eSCP3pP37L14r5+tE954Zp38gPf+ARNRpJY=</latexit>
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<latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit><latexit sha1_base64="0+mhi47Cbu3HVbcqOhDVlDR4VQI=">AAACIXicbVBNS8NAEN3U7/hV9eglWAQPUhIR9Fj04rEFWwtNkM12Whd3N2F3opaQX+BVf4G/xpt4E/+M2zaCVR8MPN6bYWZenApu0Pc/nMrc/MLi0vKKu7q2vrFZ3drumCTTDNosEYnuxtSA4ArayFFAN9VAZSzgKr49H/tXd6ANT9QljlKIJB0qPuCMopVao+tqza/7E3h/SVCSGinRvN5y3LCfsEyCQiaoMb3ATzHKqUbOBBRumBlIKbulQ+hZqqgEE+WTSwtv3yp9b5BoWwq9ifpzIqfSmJGMbaekeGN+e2PxMJb/2b0MB6dRzlWaISg23TXIhIeJN/7c63MNDMXIEso0t+d67IZqytDm44YK7lkiJVX9PAQo8hDhAXMoilmL82+LF4VNL/id1V/SOaoHfj1oHdcaZ2WOy2SX7JEDEpAT0iAXpEnahBEgj+SJPDsvzqvz5rxPWytOObNDZuB8fgEVDqSX</latexit>
z
<latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit><latexit sha1_base64="VKWmdLD7qaK0SM6SRxI4E1P/u7w=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjwmYB6QDWF20omDM7PLTK8al/0Cr/oFfo038Sb+jJOHYBILGoqqbrq7wlhwg5735Swtr6yurec28ptb2zu7heJew0SJZlBnkYh0K6QGBFdQR44CWrEGKkMBzfDuauQ370EbHqkbHMbQkXSgeJ8zilaqPXULJa/sjeEuEn9KSmSKarfo5INexBIJCpmgxrR9L8ZOSjVyJiDLB4mBmLI7OoC2pYpKMJ10fGnmHlml5/YjbUuhO1b/TqRUGjOUoe2UFG/NvDcST0L5n91OsH/RSbmKEwTFJrv6iXAxckefuz2ugaEYWkKZ5vZcl91STRnafPKBggcWSUlVLw0AsjRAeMQUsmzW4vzX4llm0/Pns1okjdOy75X92lmpcjnNMUcOyCE5Jj45JxVyTaqkThgB8kxeyKvz5rw7H87npHXJmc7skxk43z8Wy6SY</latexit>
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<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit><latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
<latexit sha1_base64="5mqVC8WNVGWNBzCtvcmGFKAl1Ms=">AAACIXicbVDLSgNBEJz1GeMr0aOXxSB4kLArgh6DXjx4SMAkQjaE2UnHDJmZXWZ61bDsF3jVL/BrvIk38WecPASTWNBQVHXT3RXGghv0vC9naXlldW09t5Hf3Nre2S0U9xomSjSDOotEpO9CakBwBXXkKOAu1kBlKKAZDq5GfvMBtOGRusVhDG1J7xXvcUbRSrWbTqHklb0x3EXiT0mJTFHtFJ180I1YIkEhE9SYlu/F2E6pRs4EZPkgMRBTNqD30LJUUQmmnY4vzdwjq3TdXqRtKXTH6t+JlEpjhjK0nZJi38x7I/EklP/ZrQR7F+2UqzhBUGyyq5cIFyN39Lnb5RoYiqEllGluz3VZn2rK0OaTDxQ8skhKqrppAJClAcITppBlsxbnvxbPMpueP5/VImmcln2v7NfOSpXLaY45ckAOyTHxyTmpkGtSJXXCCJBn8kJenTfn3flwPietS850Zp/MwPn+AcbGpGo=</latexit>
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SO
<latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit><latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit><latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit>
<latexit sha1_base64="T3BCbsQ4irrutyP8fJZE61ldQk4=">AAACKXicbZDLSsNAFIYn9VbrrdWlm2ARXEhJRNBl0Y07K9qLNKVMpqft0JlJmDlRS8hTuNUn8GncqVtfxPQi2NYfBn7+/xzm8Pmh4AYd59PKLC2vrK5l13Mbm1vbO/nCbs0EkWZQZYEIdMOnBgRXUEWOAhqhBip9AXV/cDnq6w+gDQ/UHQ5DaEnaU7zLGcU0uvcQnjC+vU7a+aJTcsayF407NUUyVaVdsHJeJ2CRBIVMUGOarhNiK6YaOROQ5LzIQEjZgPagmVpFJZhWPL44sQ/TpGN3A50+hfY4/bsRU2nMUPrppKTYN/PdKDz25X91M8LueSvmKowQFJv81Y2EjYE9ImB3uAaGYpgayjRPz7VZn2rKMOWU8xQ8skBKqjqxB5DEE0SQJLMV578VT0b03HlWi6Z2UnKdkntzWixfTDlmyT45IEfEJWekTK5IhVQJI5I8kxfyar1Z79aH9TUZzVjTnT0yI+v7B/c6qCk=</latexit>
S
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit><latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
<latexit sha1_base64="MDW581rfO5sHGIng8f+nsnzwS6A=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRTcuK9ofaEqZTG/boTOTMHOjlpCXcKtP4NO4k259EpO2gm09MHA4517m8vmh4AYdZ2Ll1tY3Nrfy24Wd3b39g2LpsGGCSDOos0AEuuVTA4IrqCNHAa1QA5W+gKY/us365hNowwP1iOMQOpIOFO9zRjGNWh7CC8YPSbdYdirOVPaqceemTOaqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04mnByf2aZr07H6g06fQnqZ/N2IqjRlLP52UFIdmucvCc1/+V7cj7F93Yq7CCEGx2V/9SNgY2BkAu8c1MBTj1FCmeXquzYZUU4YppoKn4JkFUlLViz2AJJ4RgiRZrDj/rXiS0XOXWa2axkXFdSru/WW5ejPnmCfH5IScEZdckSq5IzVSJ4wI8kreyLv1YX1aX9ZkNpqz5jtHZEHW9w9FfqfQ</latexit>
F
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit><latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
<latexit sha1_base64="KRwZvz+MUtLg8ZDubKLf5EBWTV4=">AAACKHicbZDNSsNAFIUn9a/Wv1aXboJFcCElEUGXRUFcVrA/0JQymd62Q2cmYeZGLSEv4VafwKdxJ936JKZtBNt6YOBwzr3M5fNDwQ06zsTKra1vbG7ltws7u3v7B8XSYcMEkWZQZ4EIdMunBgRXUEeOAlqhBip9AU1/dDvtm0+gDQ/UI45D6Eg6ULzPGcU0ankILxjfJd1i2ak4M9mrxs1MmWSqdUtWwesFLJKgkAlqTNt1QuzEVCNnApKCFxkIKRvRAbRTq6gE04lnByf2aZr07H6g06fQnqV/N2IqjRlLP52UFIdmuZuG5778r25H2L/uxFyFEYJi87/6kbAxsKcA7B7XwFCMU0OZ5um5NhtSTRmmmAqegmcWSElVL/YAknhOCJJkseL8t+LJlJ67zGrVNC4qrlNxHy7L1ZuMY54ckxNyRlxyRarkntRInTAiyCt5I+/Wh/VpfVmT+WjOynaOyIKs7x8u2KfD</latexit>
a)
<latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit><latexit sha1_base64="RLgZFFw+vH5XcNBb1damIlLVav0=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEeY2e8mSvb1jd08IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epoqxFYxGrboCaCS5Zy3AjWDdRDKNAsE4wuZ37nSemNI/lo5kmzI9wJHnIKRorPeDVoFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHpjFxYZUjCWNmShizU3xMZRlpPo8B2RmjGetWbi/95vdSE137GZZIaJulyUZgKYmIyf5sMuWLUiKklSBW3txI6RoXU2HBKNgRv9eV10q5VPbfq3dcqjZs8jiKcwTlcggd1aMAdNKEFFEJ4hld4cybOi/PufCxbC04+cwp/4Hz+ACY1jRY=</latexit>
h
<latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit><latexit sha1_base64="SsYKOOt1jTfiNkyHK7x6GFFEbxM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzfmM7A==</latexit>
b)
<latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit><latexit sha1_base64="PBqA84j/RROa+UzQvK1Ji/K2GQ4=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoOgTbhLE8ugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHoKrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGjd5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASe6jRc=</latexit>
#
<latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit><latexit sha1_base64="7U2+v0gXQZS0vmwyLDw2df6Py7g=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9pl5JNp21okl2SbKEs/RVePCji1Z/jzX9j2u5BWx8EHu/NTGZelAhurO9/e4WNza3tneJuaW//4PCofHzSNHGqGTZYLGLdjqhBwRU2LLcC24lGKiOBrWh8N/dbE9SGx+rRThMMJR0qPuCMWic9dSdU2xFa2itX/Kq/AFknQU4qkKPeK391+zFLJSrLBDWmE/iJDTM3jjOBs1I3NZhQNqZD7DiqqEQTZouFZ+TCKX0yiLV7ypKF+rsjo9KYqYxcpaR2ZFa9ufif10nt4DbMuEpSi4otPxqkgtiYzK8nfa6RWTF1hDLN3a6EjaimzLqMSi6EYPXkddK8qgZ+NXi4rtSu8ziKcAbncAkB3EAN7qEODWAg4Rle4c3T3ov37n0sSwte3nMKf+B9/gAKMJCB</latexit>
<latexit sha1_base64="zlFPBJwQd38NXQhvuYcrr8P1bxk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD66hBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB3TOM3g==</latexit><latexit sha1_base64="zlFPBJwQd38NXQhvuYcrr8P1bxk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD66hBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB3TOM3g==</latexit><latexit sha1_base64="zlFPBJwQd38NXQhvuYcrr8P1bxk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD66hBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB3TOM3g==</latexit><latexit sha1_base64="zlFPBJwQd38NXQhvuYcrr8P1bxk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0GPBi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqx6btVrXFVqZ3kcRTiBU7gAD66hBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB3TOM3g==</latexit>
S
<latexit sha1_base64="HfkFzl0+ea8OFrVQiQWKwflQV3w=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsaLUlsLCHKRwIXsrfMwcre3mV3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WDmSboR3QkecgZNVZq3g/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16qeW/WatUr9Io+jCGdwDlfgwTXU4Q4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+kf4y3</latexit><latexit sha1_base64="HfkFzl0+ea8OFrVQiQWKwflQV3w=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsaLUlsLCHKRwIXsrfMwcre3mV3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WDmSboR3QkecgZNVZq3g/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16qeW/WatUr9Io+jCGdwDlfgwTXU4Q4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+kf4y3</latexit><latexit sha1_base64="HfkFzl0+ea8OFrVQiQWKwflQV3w=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsaLUlsLCHKRwIXsrfMwcre3mV3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WDmSboR3QkecgZNVZq3g/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16qeW/WatUr9Io+jCGdwDlfgwTXU4Q4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+kf4y3</latexit><latexit sha1_base64="HfkFzl0+ea8OFrVQiQWKwflQV3w=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsaLUlsLCHKRwIXsrfMwcre3mV3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7T6g0j+WDmSboR3QkecgZNVZq3g/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16qeW/WatUr9Io+jCGdwDlfgwTXU4Q4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+kf4y3</latexit>
<latexit sha1_base64="82tfBnPh/885T+ncqX7EtDk25ZM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RS6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvq56btVr1ir1izyOIpzBOVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Aqy+MvQ==</latexit><latexit sha1_base64="82tfBnPh/885T+ncqX7EtDk25ZM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RS6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvq56btVr1ir1izyOIpzBOVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Aqy+MvQ==</latexit><latexit sha1_base64="82tfBnPh/885T+ncqX7EtDk25ZM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RS6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvq56btVr1ir1izyOIpzBOVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Aqy+MvQ==</latexit><latexit sha1_base64="82tfBnPh/885T+ncqX7EtDk25ZM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RS6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvq56btVr1ir1izyOIpzBOVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Aqy+MvQ==</latexit>
x =   L
2<latexit sha1_base64="5CdJP2ks/FLz6PKd4ZPs5vleiM0=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LFbBiyUpgl6EghcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3R52g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cOGlTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW/PyrWjPI4iHMAhnIAL51CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEqCZIw</latexit><latexit sha1_base64="5CdJP2ks/FLz6PKd4ZPs5vleiM0=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LFbBiyUpgl6EghcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3R52g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cOGlTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW/PyrWjPI4iHMAhnIAL51CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEqCZIw</latexit><latexit sha1_base64="5CdJP2ks/FLz6PKd4ZPs5vleiM0=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LFbBiyUpgl6EghcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3R52g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cOGlTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW/PyrWjPI4iHMAhnIAL51CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEqCZIw</latexit><latexit sha1_base64="5CdJP2ks/FLz6PKd4ZPs5vleiM0=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LFbBiyUpgl6EghcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3R52g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cOGlTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW/PyrWjPI4iHMAhnIAL51CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEqCZIw</latexit>
x = L
2<latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit>
SOC<latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit>
S C
<latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit><latexit sha1_base64="lscsJX+797AmIDsRbdxbCT3JFfk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYNp7IzEfEByhL3NXLJkb+/Y3RPCkZ9gY6GIrb/Izn/jJrlCEx8MPN6bYWZekAiujet+OxubW9s7u4W94v7B4dFx6eS0reNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHstHM03Qj+hI8pAzaqzUbN7XB6WyW3EXIOvEy0kZcjQGpa/+MGZphNIwQbXueW5i/Iwqw5nAWbGfakwom9AR9iyVNELtZ4tTZ+TSKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadog3BW315nbSrFc+teA/Vcu02j6MA53ABV+DBNdTgDhrQAgYjeIZXeHOE8+K8Ox/L1g0nnzmDP3A+fwDVm417</latexit>
x =   L
2<latexit sha1_base64="MSa7SsENXVxSif75NpPkLz+MYu4=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgl6EohcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3Rx0g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RklD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cO6lTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW9Py7XLPI4iHMAhHIMLZ1CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEzD5JO</latexit><latexit sha1_base64="MSa7SsENXVxSif75NpPkLz+MYu4=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgl6EohcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3Rx0g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RklD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cO6lTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW9Py7XLPI4iHMAhHIMLZ1CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEzD5JO</latexit><latexit sha1_base64="MSa7SsENXVxSif75NpPkLz+MYu4=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgl6EohcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3Rx0g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RklD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cO6lTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW9Py7XLPI4iHMAhHIMLZ1CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEzD5JO</latexit><latexit sha1_base64="MSa7SsENXVxSif75NpPkLz+MYu4=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBbBiyUpgl6EohcPHirYD2hj2Ww37dLNJuxu1BLyP7x4UMSr/8Wb/8Ztm4O2Phh4vDfDzDw/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mvitByoVi8SdHsfUC/FAsIARrI10/3Rx0g0kJulNllaznl12Ks4UaJG4OSlDjnrP/ur2I5KEVGjCsVId14m1l2KpGeE0K3UTRWNMRnhAO4YKHFLlpdOrM3RklD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cO6lTMSJpoLMFgUJRzpCkwhQn0lKNB8bgolk5lZEhtikoE1QJROCO//yImlWK65TcW9Py7XLPI4iHMAhHIMLZ1CDa6hDAwhIeIZXeLMerRfr3fqYtRasfGYf/sD6/AEzD5JO</latexit>
x = L
2<latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit><latexit sha1_base64="6hiShvUQvj1tF7KlMq006kdwnHA=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhSswl0QtBECNhYWEcwHJEfY2+wlS/Z2z929YDjud9hYKGLrj7Hz37hJrtDEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGxqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaObqd8aU6WZFA9mElM/wgPBQkawsZL/dN0NFSbpXZZWs16p7FbcGdAy8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDCaVbsJprGmIzwgHYsFTii2k9nR2fozCp9FEplSxg0U39PpDjSehIFtjPCZqgXvan4n9dJTHjlp0zEiaGCzBeFCUdGomkCqM8UJYZPLMFEMXsrIkNsUzA2p6INwVt8eZk0qxXPrXj3F+XaaR5HAY7hBM7Bg0uowS3UoQEEHuEZXuHNGTsvzrvzMW9dcfKZI/gD5/MHviaR+Q==</latexit>
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FIGURE 3.4: Schematic setup for the two junction types considered. a) The junction of type 1
consists of two superconductors with thin layers of a spin orbit coupling active material (SOC) that
sit on top of a ferromagnet (F) bar separatin them. The magnetization h is lying in the x− y plane.
b) For the junction of type 2 the SOC material is only present in the bridge region connecting the
two supe conductors.
decay length, such that the Josephson current is only carried by LRTC. We proceed as follows. With the
help of an analytical solution for type 1 junctions in the case of small SOC presented in Sec. 3.2.2, we
show that in leading order of the SOC coupling, i.e. only taking into account the spin precession effect,
the junction remains in the 0-state independently of the direction of the exchange field. The next leading
order contribution to the current is due to the inhomogeneous spin relaxation with a negative sign, such
that for certain directions of the exchange field the junction can switch to the π-state. In junctions of
type 1 this only occurs if both, the Rashba and Dresselhaus SOC are finite. In Sec. 3.2.3 we present
numeric calculations of the current for arbitrary SOC strength that confirm these findings. In addition,
the numeric calculations reveal that type 2 junctions allow for 0− π transitions in a wider range of SOC
parameters. Specifically the transition can be induced by a pure Rashba or Dresselhaus SOC by chang-
ing their strengths. This is a new possibility to induce 0-π transition by tuning the Rashba SOC strength,
which is experimentally achievable by gating the SOC active material.
3.2.1 Basic equations for diffusive lateral Josephson junction with SOC
As before, we assume that the proximity effect, i.e. the induced superconducting correlations in the
bridge, is weak and that the system is in the diffusive regime so we describe the spectral properties of the
junction by the linearized Usadel equation generalized to linear in momentum SOC Eq. (3.20). In order
to describe hybrid interfaces between the superconductor and a substrate we use the boundary conditions







which corresponds to no charge current flow at the boundary. We are interested in determining the
Josephson current density in the bridge region for the different structures depicted in Fig. 3.4. Including
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f̂∇̃ ˆ̄f − ˆ̄f∇̃f̂
}
, (3.44)
where N0 is the density of states and ˆ̄f = σ̂yf̂∗σ̂y.
We now adapt the basic Eqs. (3.20) and (3.21) to the specific cases of type 1 and 2 junctions. The
junctions in Fig. 3.4 are translational invariant in the y-direction. We define a step function like order
parameter along the x-direction with amplitude ∆, and a phase difference of the order parameters ϕ
between both superconductors,
∆(x, z) = Θ(z − (W + d))Θ(|x| − L/2)∆eiϕ2 sign(x). (3.45)
The SOC fields are finite only in the SOC layers thus for the junction type 1,
Aak(x, z) = Θ(W + d− z)Θ(z −W )Θ(|x| − L/2)Aak, (3.46)
and for the junction type 2 with the SOC in the bridge region (Fig.3.4 b)),
Aak(x, z) = Θ(W − z)Θ(z −W )Θ(L/2− |x|)Aak (3.47)
with constantAak in both cases. We restrict ourselves to SOC of the Rashba and Dresselhaus type defined
by the fields (3.38), (3.39). Rashba SOC corresponds to terms proportional to α while Dresselhaus
SOC corresponds to terms proportional to β. For both junction types the exchange field has only finite
components in the x-y plane and is present in the F-region,




To distinguish components that are parallel and perpendicular to the exchange field, i.e. short - and
long-range components, it is convenient to rotate Eqs. (3.20) and (3.21) by the unitary transformation
U = eiσ̂x ϑ2 . After the rotation the exchange field is fixed along the x-axis,
U ĥU† = hσ̂x. (3.49)
Thus the long-range triplet components are those polarized in y and z direction. Assuming for simplicity,
that the thickness d of the SOC interlayers (if present) and the bridgeW is small against the typical length
on which f̂ changes, we can integrate the Usadel equation along the z-direction [32].
Here we illustrate how the z-integration is carried out. Besides the first term in Eq. (3.20) all other
terms do not contain a spatial derivative in the z-direction. Therefore the integration results simply in
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In the first step, we have used the translational invariance in y-direction and our choice of the SOC,
which is step-like constant. In the second step, we use the continuity of f̂ in the z-direction and the
boundary condition Eq. (3.21) at the interface at z = W + d as well as the boundary condition with the
vacuum Eq.(3.43). This result holds also for junction type 2 by setting d = 0.
This reduces the initial two dimensional problem to an effective one-dimensional one. The z-integration
causes an averaging of the couplings that differs for the two junction types. We therefore present the
final equations separately for the two types.
Usadel equations for type 1 lateral junction
After performing the z-integration, and the rotation of Eq. (3.20), the resulting system of equations for


















− 2|ωn|f̃at −DΓ̄abf̃ bt = δx,a2isign(ωn)h̄f̃s, (3.52)
where we introduced the components of the averaged spin precession tensor
C̄abk = εacbAck dW+d , (3.53)







The averaged coupling constants are defined as h̄a = haW/(W+d), ᾱ = αd/(W+d), β̄ = βd/(W+d)
and γ̄ = γ/(W + d). The spatial dependence of the SOC fields, exchange field and order parameter
in x-direction is not repeated explicitly, and is as in the definition Eqs. (3.45), (3.46) and (3.48). In the
rotated system the non vanishing spin-precession tensor elements are
C̄xzx = −C̄zxx = −ᾱ cos(ϑ)− β̄ sin(ϑ), (3.55)
C̄yzx = −C̄zyx = ᾱ sin(ϑ)− β̄ cos(ϑ). (3.56)
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The non-zero elements of the DP spin relaxation tensor are
Γ̄xx(ϑ) = Γ̄yy(−ϑ) =
(




Γ̄zz(ϑ) = Γ̄xx(ϑ) + Γ̄yy(ϑ), (3.58)




The solution of Eqs. (3.51)-(3.52) and its covariant derivative are continuous at the boundaries x =





























The Eqs. (3.51), (3.52) together with the boundary conditions (3.60) and (3.61) fully determine the







f̃∗s ∂xf̃s − (f̃ it )∗(∂xf̃ it )
]
. (3.62)
Usadel equations for type 2 lateral junction
For the junction type 2 the SOC coupling and the exchange field are finite over the whole bridge thickness
so there is no averaging of the spin fields. Consequently h̄a = h, ᾱ = α, β̄ = β and γ̄ = γ/W . Thus
the z-integrated Usadel equation is like in Eqs. (3.51) and (3.52) where now
C̄abk = Cabk = εacbAck, (3.63)
and the DP spin-relaxation tensor
Γ̄ab = Γab = AckAckδa,b −AakAbk. (3.64)
The spatial dependence of the SOC fields is now given by Eq. (3.47). The solution of this system of
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Thus for type 2 junctions, the condensate function is determined from Eqs. (3.51)-(3.52) and Eqs. (3.65)-













3.2.2 The Josephson current in type 1 junctions: analytical solution
We focus on the case when the exchange interaction is the dominant energy scale,Dα2, Dβ2, Dαβ, T 
h. The junction is larger than the magnetic length, ξh, and hence the current is solely determined by the
LRTC, f̃yt and f̃
z
t . The other two components decay over ξh in the F region.
We solve the Eqs. (3.51) and (3.52) perturbatively up to second order in the SOC fields Aak. In zeroth
order only the singlet and triplet component parallel to the field, f̃xt,0, are finite. Their explicit form is













In first order in the SOC, the component f̃zt appears as a consequence of the precession term. The















The explicit expressions for these components are given in App. A.5, Eqs. (A.49), (A.53). From these
solutions we obtain the current density in the F region. The current density Eq. (3.44) is only due to
the contribution of the long-range components f̃zt and f̃
y
t in Eq. (3.67). The maximum value of the




























is the value of f̃xt for zero SOC, in the F region below the superconducting electrodes far from the
interface. The first term on the r.h.s of Eq. (3.70) is the lowest correction in the SOC which stems from
the precession term in Eq. (3.68) which generates the long-range component f̃zt from rotation of the
short-range f̃xt,0. It is a positive contribution (0-junction) and depends on the direction of the exchange
field. For ϑ = 0 and the considered configuration, it is only finite if the Rashba SOC is nonzero (cf.
with the numerical results shown in Fig. 3.5).
In the second order of the SOC, the contribution to the current is the negative second term in Eq. (3.70),
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contribution is only finite if both Rashba and Dresselhaus type of SOC are present. This explains why in
the case of a pure Rashba or Dresselhaus SOC the current does not change sign as a function of ϑ (see
numerical results shown in Fig. 3.5 a-b,d-e).
Thus, the sign and magnitude of the critical current is determined by two competing contributions,
namely spin precession and anisotropic spin-relaxation [32], which in turn depend strongly on the direc-
tion of the applied Zeeman field. For example the contribution due to spin-precession is zero whenever





previous theoretical investigations that identified Fk,0 as the generator of the LRTC [31, 32]. According




+ nπ. For this value of ϑ the second negative
term dominates provided that cos 2ϑ0 6= 0, and leads to a change of sign of the critical current, a 0-π
transition.
For either pure Rashba or pure Dresselhaus SOC the dependence of the critical current on ϑ is sim-
ply shifted by π/2 for the same magnitude of the SOC parameter. This can be already inferred from
Eq. (3.20), which is symmetric when interchanging α ↔ β and x ↔ y for the coordinate labels in spin
space.
Eq. (3.70) is valid for a symmetric junction, i.e. a junction of type 1 with the same SOC at both elec-
trodes. In the case that the left (L) and right (R) electrodes have different values for the Rashba and
Dresselhaus SOCs αL/R and βL/R it is possible to obtain a change of the critical current sign solely due






e−κωL(ᾱL cosϑ+ β̄L sinϑ)(ᾱR cosϑ+ β̄R sinϑ) . (3.72)
By inspecting Eq. (3.72), we see that the current reversal appears every-time the SU(2) electric field
strength disappears in the left or right lead FL/Rx,0 = 0, as long as αLβR 6= αRβL. When all couplings




+ nπ. The interval, where the current
is reversed with respect to the symmetric case, is maximized when there is only Rashba SOC in one lead
and only Dresselhaus SOC in the other as then jc ∝ αβ sin(2ϑ).
To summarize this section, for low SOC strength, the current due spin precession effects is the dominant
contribution to the critical current. If the S-electrodes are symmetric and only one type of SOC is
active, the current can be switched on and off by rotating the exchange field in the x-y plane, but no 0-π
transition takes place. A reversal of the current only appears if both SOC types are finite and originates
in a competition between the spin-precession- and the spin-relaxation effects. A current reversal only
due to spin-precession effects can be achieved by choosing leads with different SOC parameters.
3.2.3 Numerical results
In this section we compute numerically the Josephson current for both types of junctions with finite S-
electrodes. The total length of the system is Ltot = 2LS + L, where LS is the length of the S-electrode,
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FIGURE 3.5: Numerically results for the critical current jc, normalized by the critical current for
vanishing SOC fields jc,0, as function of the orientation of an in-plane exchange field parametrized
by the angle ϑ for junction of type 1. Different curves correspond to different values of the SOC
parameters. In all plots we set h̄ = 10∆, L = 5ξ0, T = 0.01∆ and the thickness of the SOC and F





















































































FIGURE 3.6: Numerical results for the critical current critical current jc, normalized by the critical
current for vanishing SOC fields jc,0, as function of the orientation of an in-plane exchange field
parametrized by the angle ϑ for junction of type 2. Different curves correspond to different values
of the SOC parameters. In all plots we set h̄ = 10∆, L = 5ξ0, T = 0.01∆.
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and is set to Ltot = 10L. The systems of Eqs. (3.51), (3.52) is complemented by the boundary condition
Eq. (3.43) at the outer interfaces:
∇̃xf̂ |x=±Ltot/2 = 0. (3.73)
The resulting critical current density for the junction type 1 is shown in Fig. 3.5 a) - f) and for junc-
tion type 2 in Fig. 3.6 a) - f). For low SOC strengths and any of the studied SOC types and junction
types, the current vanishes when the SU(2) electric field strength vanishes in accordance with the the-
ory [31]. Indeed, the critical current for both setups and small SOC show qualitatively identical behavior
(Figs. 3.5 a) - c), 3.6 a) -c)), in very good agreement with the analytical result for the junction type 1
(Eq. (3.70). This implies that at the level of spin-precession effects both junctions behave similarly. As
expected, the critical current curves for the case of pure Rashba or Dresselhaus SOC are shifted by π/2
when comparing curves of corresponding SOC strengths.
When increasing the SOC strength for junction type 1 we observe the competition between the two
LRTC generating mechanisms. Comparing upper and lower panels of Fig. 3.5 we see that the current
changes sign at sufficiently large SOC strengths, only when Rashba and Dresselhaus SOC are finite.
For the special case when α = β, for exchange field orientation ϑ = π/4 there is no 0-π transition as
the spin relaxation contribution vanishes and at ϑ 6= 3/4π both contributions simultaneously, which is
depicted in Fig. 3.5 f).
By further increase of the SOC the numerical results shown in Fig. 3.5 f) differ qualitatively from the
analytic ones: there is a strong increase of the critical current in two negative dips around ϑ = π/4. The
two negative dips move closer to ϑ = π/4 by increasing the SOC strength. Also there is a flattening of
the curve at ϑ = 3/4.
The 0 − π transition due to spin precession effect in junction type 1 with asymmetric SO interaction
obtained analytically in the previous section is confirmed by the numerics as shown in Fig. 3.7. In
particular, the points of current reversal as function of ϑ are in agreement with the analytical result,
Eq. (3.72).
The case of large SOC in type 2 junctions is shown in Fig. 3.6 d) - f). We clearly see that 0-π transitions
are possible for any choice of SOC. The case when α, β 6= 0 is qualitatively similar to junction type
1. In contrast, for junction 2, 0 − π transitions are possible for pure Rashba or Dresselhaus SOC when
increasing the SOC strength, as shown in Fig. 3.6 c), d) and Fig. 3.8. Our results, regarding the current
sign reversal, are similar to the results of Ref. [149], where a one dimensional junction with a pure
Rashba has been studied. Similarly to the one dimensional case, our results for two dimensional SOC,
show that the direction of the current can be inverted by tuning the strength of the Rashba SOC, which
can be done by a voltage gate if the bridge region is a two-dimensional electron gas with asymmetric
quantum well structure in a semiconductor. Such a gate has also been suggested in Ref. [148] for creation
of a long ranged spin-triplet helix in a ballistic ferromagnetic Josephson junction.
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FIGURE 3.7: Numerical results for the critical current as function of the orientation of an in-plane
exchange field for an asymmetric junction of type 1. We set h̄ = 10∆, L = 5ξ0, T = 0.01∆ and
d/W = 1.
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<latexit sha1_base64="XCZSUqvRfc6DchpPG5uVGlNFOAs=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpl262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpylpUCaW7ETFMcMlayFGwbqoZSSLBOtH4duZ3Hpk2XMkHnKQsTMhQ8phTglYKesie0MQ5mV72K1Wv5s3hrhK/IFUo0OxXvnoDRbOESaSCGBP4XophTjRyKti03MsMSwkdkyELLJUkYSbM5ydP3XOrDNxYaVsS3bn6eyIniTGTJLKdCcGRWfZm4n9ekGF8E+ZcphkySReL4ky4qNzZ/+6Aa0ZRTCwhVHN7q0tHRBOKNqWyDcFffnmVtK9qvlfz7+vVRr2IowSncAYX4MM1NOAOmtACCgqe4RXeHHRenHfnY9G65hQzJ/AHzucPgSiRVg==</latexit><latexit sha1_base64="XCZSUqvRfc6DchpPG5uVGlNFOAs=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpl262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpylpUCaW7ETFMcMlayFGwbqoZSSLBOtH4duZ3Hpk2XMkHnKQsTMhQ8phTglYKesie0MQ5mV72K1Wv5s3hrhK/IFUo0OxXvnoDRbOESaSCGBP4XophTjRyKti03MsMSwkdkyELLJUkYSbM5ydP3XOrDNxYaVsS3bn6eyIniTGTJLKdCcGRWfZm4n9ekGF8E+ZcphkySReL4ky4qNzZ/+6Aa0ZRTCwhVHN7q0tHRBOKNqWyDcFffnmVtK9qvlfz7+vVRr2IowSncAYX4MM1NOAOmtACCgqe4RXeHHRenHfnY9G65hQzJ/AHzucPgSiRVg==</latexit><latexit sha1_base64="XCZSUqvRfc6DchpPG5uVGlNFOAs=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpl262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpylpUCaW7ETFMcMlayFGwbqoZSSLBOtH4duZ3Hpk2XMkHnKQsTMhQ8phTglYKesie0MQ5mV72K1Wv5s3hrhK/IFUo0OxXvnoDRbOESaSCGBP4XophTjRyKti03MsMSwkdkyELLJUkYSbM5ydP3XOrDNxYaVsS3bn6eyIniTGTJLKdCcGRWfZm4n9ekGF8E+ZcphkySReL4ky4qNzZ/+6Aa0ZRTCwhVHN7q0tHRBOKNqWyDcFffnmVtK9qvlfz7+vVRr2IowSncAYX4MM1NOAOmtACCgqe4RXeHHRenHfnY9G65hQzJ/AHzucPgSiRVg==</latexit><latexit sha1_base64="XCZSUqvRfc6DchpPG5uVGlNFOAs=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpl262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpylpUCaW7ETFMcMlayFGwbqoZSSLBOtH4duZ3Hpk2XMkHnKQsTMhQ8phTglYKesie0MQ5mV72K1Wv5s3hrhK/IFUo0OxXvnoDRbOESaSCGBP4XophTjRyKti03MsMSwkdkyELLJUkYSbM5ydP3XOrDNxYaVsS3bn6eyIniTGTJLKdCcGRWfZm4n9ekGF8E+ZcphkySReL4ky4qNzZ/+6Aa0ZRTCwhVHN7q0tHRBOKNqWyDcFffnmVtK9qvlfz7+vVRr2IowSncAYX4MM1NOAOmtACCgqe4RXeHHRenHfnY9G65hQzJ/AHzucPgSiRVg==</latexit>
b)
<latexit sha1_base64="e/xX9UB3FhcvwLcL7TyzkhM17M0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4jyaXvYrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxjdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdK+qvlezb+vVxv1Io4SOSVn5IL45Jo0yB1pkhZhRJFn8kreHHRenHfnY9G65hQzJ+QPnM8fgq6RVw==</latexit><latexit sha1_base64="e/xX9UB3FhcvwLcL7TyzkhM17M0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4jyaXvYrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxjdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdK+qvlezb+vVxv1Io4SOSVn5IL45Jo0yB1pkhZhRJFn8kreHHRenHfnY9G65hQzJ+QPnM8fgq6RVw==</latexit><latexit sha1_base64="e/xX9UB3FhcvwLcL7TyzkhM17M0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4jyaXvYrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxjdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdK+qvlezb+vVxv1Io4SOSVn5IL45Jo0yB1pkhZhRJFn8kreHHRenHfnY9G65hQzJ+QPnM8fgq6RVw==</latexit><latexit sha1_base64="e/xX9UB3FhcvwLcL7TyzkhM17M0=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4jyaXvYrVa/mzeGuEr8gVVKg2a989QaKZQlIZIIaE/heimFONXImYFruZQZSysZ0CIGlkiZgwnx+8tQ9t8rAjZW2JdGdq78ncpoYM0ki25lQHJllbyb+5wUZxjdhzmWaIUi2WBRnwkXlzv53B1wDQzGxhDLN7a0uG1FNGdqUyjYEf/nlVdK+qvlezb+vVxv1Io4SOSVn5IL45Jo0yB1pkhZhRJFn8kreHHRenHfnY9G65hQzJ+QPnM8fgq6RVw==</latexit>
c)
<latexit sha1_base64="MG/X6pjhAv/NQP2Mr0U2mQGyCpQ=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4pxNL/uVqlfz5nBXiV+QKinQ7Fe+egPFsgQkMkGNCXwvxTCnGjkTMC33MgMpZWM6hMBSSRMwYT4/eeqeW2XgxkrbkujO1d8TOU2MmSSR7UwojsyyNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7A66BoZhYQpnm9laXjaimDG1KZRuCv/zyKmlf1Xyv5t/Xq416EUeJnJIzckF8ck0a5I40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucPhDSRWA==</latexit><latexit sha1_base64="MG/X6pjhAv/NQP2Mr0U2mQGyCpQ=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4pxNL/uVqlfz5nBXiV+QKinQ7Fe+egPFsgQkMkGNCXwvxTCnGjkTMC33MgMpZWM6hMBSSRMwYT4/eeqeW2XgxkrbkujO1d8TOU2MmSSR7UwojsyyNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7A66BoZhYQpnm9laXjaimDG1KZRuCv/zyKmlf1Xyv5t/Xq416EUeJnJIzckF8ck0a5I40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucPhDSRWA==</latexit><latexit sha1_base64="MG/X6pjhAv/NQP2Mr0U2mQGyCpQ=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4pxNL/uVqlfz5nBXiV+QKinQ7Fe+egPFsgQkMkGNCXwvxTCnGjkTMC33MgMpZWM6hMBSSRMwYT4/eeqeW2XgxkrbkujO1d8TOU2MmSSR7UwojsyyNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7A66BoZhYQpnm9laXjaimDG1KZRuCv/zyKmlf1Xyv5t/Xq416EUeJnJIzckF8ck0a5I40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucPhDSRWA==</latexit><latexit sha1_base64="MG/X6pjhAv/NQP2Mr0U2mQGyCpQ=">AAAB8nicbVBNS8NAEN34WetX1aOXYBH0UhIp6LHgxWMF+wFpKJvtpF262Q27E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36Hnfztr6xubWdmmnvLu3f3BYOTpuG5VpBi2mhNLdiBoQXEILOQrophpoEgnoROPbmd95BG24kg84SSFM6FDymDOKVgp6CE9o4pxNL/uVqlfz5nBXiV+QKinQ7Fe+egPFsgQkMkGNCXwvxTCnGjkTMC33MgMpZWM6hMBSSRMwYT4/eeqeW2XgxkrbkujO1d8TOU2MmSSR7UwojsyyNxP/84IM45sw5zLNECRbLIoz4aJyZ/+7A66BoZhYQpnm9laXjaimDG1KZRuCv/zyKmlf1Xyv5t/Xq416EUeJnJIzckF8ck0a5I40SYswosgzeSVvDjovzrvzsWhdc4qZE/IHzucPhDSRWA==</latexit>
 ̄⇠0 = 0.0
<latexit sha1_base64="ohuoDJ9PU8830InVFacUnfuoa6M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoBuh4MZlBdsKTQiT6aQdOpmEmRuxhuKvuHGhiFv/w51/47TNQlsP3MvhnHuZOyfKBNfgut9WZWl5ZXWtul7b2Nza3rF399o6zRVlLZqKVN1FRDPBJWsBB8HuMsVIEgnWiYZXE79zz5TmqbyFUcaChPQljzklYKTQPvAjogo/YkDG/gMP3UvXcUO7bvoUeJF4JamjEs3Q/vJ7Kc0TJoEKonXXczMICqKAU8HGNT/XLCN0SPqsa6gkCdNBMb1+jI+N0sNxqkxJwFP190ZBEq1HSWQmEwIDPe9NxP+8bg7xRVBwmeXAJJ09FOcCQ4onUeAeV4yCGBlCqOLmVkwHRBEKJrCaCcGb//IiaZ86nut4N2f1hlPGUUWH6AidIA+dowa6Rk3UQhQ9omf0it6sJ+vFerc+ZqMVq9zZR39gff4AbP6Udw==</latexit><latexit sha1_base64="ohuoDJ9PU8830InVFacUnfuoa6M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoBuh4MZlBdsKTQiT6aQdOpmEmRuxhuKvuHGhiFv/w51/47TNQlsP3MvhnHuZOyfKBNfgut9WZWl5ZXWtul7b2Nza3rF399o6zRVlLZqKVN1FRDPBJWsBB8HuMsVIEgnWiYZXE79zz5TmqbyFUcaChPQljzklYKTQPvAjogo/YkDG/gMP3UvXcUO7bvoUeJF4JamjEs3Q/vJ7Kc0TJoEKonXXczMICqKAU8HGNT/XLCN0SPqsa6gkCdNBMb1+jI+N0sNxqkxJwFP190ZBEq1HSWQmEwIDPe9NxP+8bg7xRVBwmeXAJJ09FOcCQ4onUeAeV4yCGBlCqOLmVkwHRBEKJrCaCcGb//IiaZ86nut4N2f1hlPGUUWH6AidIA+dowa6Rk3UQhQ9omf0it6sJ+vFerc+ZqMVq9zZR39gff4AbP6Udw==</latexit><latexit sha1_base64="ohuoDJ9PU8830InVFacUnfuoa6M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoBuh4MZlBdsKTQiT6aQdOpmEmRuxhuKvuHGhiFv/w51/47TNQlsP3MvhnHuZOyfKBNfgut9WZWl5ZXWtul7b2Nza3rF399o6zRVlLZqKVN1FRDPBJWsBB8HuMsVIEgnWiYZXE79zz5TmqbyFUcaChPQljzklYKTQPvAjogo/YkDG/gMP3UvXcUO7bvoUeJF4JamjEs3Q/vJ7Kc0TJoEKonXXczMICqKAU8HGNT/XLCN0SPqsa6gkCdNBMb1+jI+N0sNxqkxJwFP190ZBEq1HSWQmEwIDPe9NxP+8bg7xRVBwmeXAJJ09FOcCQ4onUeAeV4yCGBlCqOLmVkwHRBEKJrCaCcGb//IiaZ86nut4N2f1hlPGUUWH6AidIA+dowa6Rk3UQhQ9omf0it6sJ+vFerc+ZqMVq9zZR39gff4AbP6Udw==</latexit><latexit sha1_base64="ohuoDJ9PU8830InVFacUnfuoa6M=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5CIoBuh4MZlBdsKTQiT6aQdOpmEmRuxhuKvuHGhiFv/w51/47TNQlsP3MvhnHuZOyfKBNfgut9WZWl5ZXWtul7b2Nza3rF399o6zRVlLZqKVN1FRDPBJWsBB8HuMsVIEgnWiYZXE79zz5TmqbyFUcaChPQljzklYKTQPvAjogo/YkDG/gMP3UvXcUO7bvoUeJF4JamjEs3Q/vJ7Kc0TJoEKonXXczMICqKAU8HGNT/XLCN0SPqsa6gkCdNBMb1+jI+N0sNxqkxJwFP190ZBEq1HSWQmEwIDPe9NxP+8bg7xRVBwmeXAJJ09FOcCQ4onUeAeV4yCGBlCqOLmVkwHRBEKJrCaCcGb//IiaZ86nut4N2f1hlPGUUWH6AidIA+dowa6Rk3UQhQ9omf0it6sJ+vFerc+ZqMVq9zZR39gff4AbP6Udw==</latexit>
 ̄⇠0 = 0.1
<latexit sha1_base64="3Wiy2BuznX52PDSdaGu13nciwFA=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPIVEBL0IBS8eK9hWaELYbDft0s0m7E7EGop/xYsHRbz6P7z5b9y2OWjrg4HHezPMzIsywTW47rdVWVpeWV2rrtc2Nre2d+zdvbZOc0VZi6YiVXcR0UxwyVrAQbC7TDGSRIJ1ouHVxO/cM6V5Km9hlLEgIX3JY04JGCm0D/yIqMKPGJCx/8BD99J1vNCuu447BV4kXknqqEQztL/8XkrzhEmggmjd9dwMgoIo4FSwcc3PNcsIHZI+6xoqScJ0UEyvH+Njo/RwnCpTEvBU/T1RkETrURKZzoTAQM97E/E/r5tDfBEUXGY5MElni+JcYEjxJArc44pRECNDCFXc3IrpgChCwQRWMyF48y8vkvap45nEbs7qDaeMo4oO0RE6QR46Rw10jZqohSh6RM/oFb1ZT9aL9W59zForVjmzj/7A+vwBboKUeA==</latexit><latexit sha1_base64="3Wiy2BuznX52PDSdaGu13nciwFA=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPIVEBL0IBS8eK9hWaELYbDft0s0m7E7EGop/xYsHRbz6P7z5b9y2OWjrg4HHezPMzIsywTW47rdVWVpeWV2rrtc2Nre2d+zdvbZOc0VZi6YiVXcR0UxwyVrAQbC7TDGSRIJ1ouHVxO/cM6V5Km9hlLEgIX3JY04JGCm0D/yIqMKPGJCx/8BD99J1vNCuu447BV4kXknqqEQztL/8XkrzhEmggmjd9dwMgoIo4FSwcc3PNcsIHZI+6xoqScJ0UEyvH+Njo/RwnCpTEvBU/T1RkETrURKZzoTAQM97E/E/r5tDfBEUXGY5MElni+JcYEjxJArc44pRECNDCFXc3IrpgChCwQRWMyF48y8vkvap45nEbs7qDaeMo4oO0RE6QR46Rw10jZqohSh6RM/oFb1ZT9aL9W59zForVjmzj/7A+vwBboKUeA==</latexit><latexit sha1_base64="3Wiy2BuznX52PDSdaGu13nciwFA=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPIVEBL0IBS8eK9hWaELYbDft0s0m7E7EGop/xYsHRbz6P7z5b9y2OWjrg4HHezPMzIsywTW47rdVWVpeWV2rrtc2Nre2d+zdvbZOc0VZi6YiVXcR0UxwyVrAQbC7TDGSRIJ1ouHVxO/cM6V5Km9hlLEgIX3JY04JGCm0D/yIqMKPGJCx/8BD99J1vNCuu447BV4kXknqqEQztL/8XkrzhEmggmjd9dwMgoIo4FSwcc3PNcsIHZI+6xoqScJ0UEyvH+Njo/RwnCpTEvBU/T1RkETrURKZzoTAQM97E/E/r5tDfBEUXGY5MElni+JcYEjxJArc44pRECNDCFXc3IrpgChCwQRWMyF48y8vkvap45nEbs7qDaeMo4oO0RE6QR46Rw10jZqohSh6RM/oFb1ZT9aL9W59zForVjmzj/7A+vwBboKUeA==</latexit><latexit sha1_base64="3Wiy2BuznX52PDSdaGu13nciwFA=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNy2IRPIVEBL0IBS8eK9hWaELYbDft0s0m7E7EGop/xYsHRbz6P7z5b9y2OWjrg4HHezPMzIsywTW47rdVWVpeWV2rrtc2Nre2d+zdvbZOc0VZi6YiVXcR0UxwyVrAQbC7TDGSRIJ1ouHVxO/cM6V5Km9hlLEgIX3JY04JGCm0D/yIqMKPGJCx/8BD99J1vNCuu447BV4kXknqqEQztL/8XkrzhEmggmjd9dwMgoIo4FSwcc3PNcsIHZI+6xoqScJ0UEyvH+Njo/RwnCpTEvBU/T1RkETrURKZzoTAQM97E/E/r5tDfBEUXGY5MElni+JcYEjxJArc44pRECNDCFXc3IrpgChCwQRWMyF48y8vkvap45nEbs7qDaeMo4oO0RE6QR46Rw10jZqohSh6RM/oFb1ZT9aL9W59zForVjmzj/7A+vwBboKUeA==</latexit>
 ̄⇠0 = 0.5
<latexit sha1_base64="zqYlLmH7+r3JfjQPsOqXHjw8d20=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCqzARRTdCwY3LCvYBTQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee6KMM6UR+rZKS8srq2vl9crG5tb2jr2711RpLgltkJSnsh1hRTkTtKGZ5rSdSYqTiNNWNLge+617KhVLxZ0eZjRIcE+wmBGsjRTaB36EZeFHVOOR/8BCdIXc89CuIhdN4CwSb0aqMEM9tL/8bkryhApNOFaq46FMBwWWmhFORxU/VzTDZIB7tGOowAlVQTG5fuQcG6XrxKk0JbQzUX9PFDhRaphEpjPBuq/mvbH4n9fJdXwZFExkuaaCTBfFOXd06oyjcLpMUqL50BBMJDO3OqSPJSbaBFYxIXjzLy+S5qnrIde7PavW3FkcZTiEIzgBDy6gBjdQhwYQeIRneIU368l6sd6tj2lryZrN7MMfWJ8/dJKUfA==</latexit><latexit sha1_base64="zqYlLmH7+r3JfjQPsOqXHjw8d20=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCqzARRTdCwY3LCvYBTQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee6KMM6UR+rZKS8srq2vl9crG5tb2jr2711RpLgltkJSnsh1hRTkTtKGZ5rSdSYqTiNNWNLge+617KhVLxZ0eZjRIcE+wmBGsjRTaB36EZeFHVOOR/8BCdIXc89CuIhdN4CwSb0aqMEM9tL/8bkryhApNOFaq46FMBwWWmhFORxU/VzTDZIB7tGOowAlVQTG5fuQcG6XrxKk0JbQzUX9PFDhRaphEpjPBuq/mvbH4n9fJdXwZFExkuaaCTBfFOXd06oyjcLpMUqL50BBMJDO3OqSPJSbaBFYxIXjzLy+S5qnrIde7PavW3FkcZTiEIzgBDy6gBjdQhwYQeIRneIU368l6sd6tj2lryZrN7MMfWJ8/dJKUfA==</latexit><latexit sha1_base64="zqYlLmH7+r3JfjQPsOqXHjw8d20=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCqzARRTdCwY3LCvYBTQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee6KMM6UR+rZKS8srq2vl9crG5tb2jr2711RpLgltkJSnsh1hRTkTtKGZ5rSdSYqTiNNWNLge+617KhVLxZ0eZjRIcE+wmBGsjRTaB36EZeFHVOOR/8BCdIXc89CuIhdN4CwSb0aqMEM9tL/8bkryhApNOFaq46FMBwWWmhFORxU/VzTDZIB7tGOowAlVQTG5fuQcG6XrxKk0JbQzUX9PFDhRaphEpjPBuq/mvbH4n9fJdXwZFExkuaaCTBfFOXd06oyjcLpMUqL50BBMJDO3OqSPJSbaBFYxIXjzLy+S5qnrIde7PavW3FkcZTiEIzgBDy6gBjdQhwYQeIRneIU368l6sd6tj2lryZrN7MMfWJ8/dJKUfA==</latexit><latexit sha1_base64="zqYlLmH7+r3JfjQPsOqXHjw8d20=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCqzARRTdCwY3LCvYBTQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee6KMM6UR+rZKS8srq2vl9crG5tb2jr2711RpLgltkJSnsh1hRTkTtKGZ5rSdSYqTiNNWNLge+617KhVLxZ0eZjRIcE+wmBGsjRTaB36EZeFHVOOR/8BCdIXc89CuIhdN4CwSb0aqMEM9tL/8bkryhApNOFaq46FMBwWWmhFORxU/VzTDZIB7tGOowAlVQTG5fuQcG6XrxKk0JbQzUX9PFDhRaphEpjPBuq/mvbH4n9fJdXwZFExkuaaCTBfFOXd06oyjcLpMUqL50BBMJDO3OqSPJSbaBFYxIXjzLy+S5qnrIde7PavW3FkcZTiEIzgBDy6gBjdQhwYQeIRneIU368l6sd6tj2lryZrN7MMfWJ8/dJKUfA==</latexit>
FIGURE 3.8: Critical current for a junction of type 2 as function of the Rashba SOC strength α. The
Dresselhaus SOC parameter β is increased from panel a) to panel c). Different curves correspond
to different orientations of the exchange field. In all plots we set h̄ = 10∆, L = 5ξ0, T = 0.01∆
3.2.4 Conclusion
In this chapter we introduced in a compact form the mechanisms leading to the generation of LRTCs
in S/F and S/F/SOC hybrid junctions. We then studied the effects of Rashba and Dresselhaus SOC
interaction in two types of diffusive lateral Josephson junctions. In type 1 junctions the bridge linking
the superconducting electrodes is a F and the SOC fields originated from heavy metal interlayers placed
between the S leads and the F bridge. In type 2 junctions the exchange field and SOC fields were
finite over the whole bridge. In a realistic setup, this can be realized by a 2D semiconducting bridge
in an external magnetic field. We presented analytical results of the linearized Usadel equation for
the Josephson current for junction type 1, obtained by a perturbative expansion in the SOC. These
analytical results where complemented by numerical calculations for both junction types. Analytical
and numerical results showed good qualitative agreement and demonstrated that the magnitude and sign
of the Josephson current can be controlled by varying the direction of the exchange field as well as tuning
73
3.2. Switchable Josephson current in junctions with spin-orbit coupling
the strengths of the SOC. Besides their relevance for application as supercurrent valves we demonstrated
that these lateral junctions can be used as detectors for the long-range proximity effect induced by SOC
and a homogeneous exchange field.
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Chapter 4
Equilibrium spin-currents and edge spin
accumulation in wires with spin-orbit
coupling†
Spin currents have been a subject of intensive investigations in several branches of condensed matter
physics [30, 151–153]. In 2003 Rashba himself demonstrated that any system described by the stan-
dard two-dimensional Rashba Hamiltonian may support spin currents even in thermodynamical equi-
librium [154]. Such equilibrium spin currents (ESC) in materials with spin-orbit coupling (SOC) have
attracted a great deal of attention [152, 155–159] . However, the interpretation of the ESC in remained
under debate for a while because in the presence of SOC the spin is not conserved in a customary
sense. The theoretical controversy can be removed by treating the SOC as an external SU(2) gauge
field [98, 160], but from the experimental point of view ESC still remain elusive.
In this chapter, we demonstrate a correspondence between ESC in nanowires with SOC and a transverse
spin polarization induced at the edges of the wires as schematically shown in Fig. 4.1. Contrary to
ESC, spin polarization can be experimentally detected. The correspondence we found, is universal in
the sense that it holds for any (quasi) one-dimensional many-body system, provided the particle-particle
interaction is spin-independent. Specifically, ESC appear when a magnetic field B with a component
perpendicular to the SOC is applied, inducing a Zeeman splitting field, h = gµBB. We show that this
bulk ESC is always accompanied with an edge spin accumulation that is transverse to both, the Zeeman
field and SOC. Hence, a measurement of the transverse spin density would be an unequivocal evidence
of ESC in nanowires. Interesting, this transverse edge spin accumulation shows up not only in the normal
state [161], but also when the nanowire has a superconducting gap ∆ in its density of states induced,
for example, by the proximity to a superconductor. In other words, we find a connection between the
existence of ESC and an anomalous paramagnetic response of a superconductor that generalizes the
well-established theory of the Knight-shift in superconductors [162–164].
†This chapter has been submitted in form of an article to Physical Review B: “Correspondence between bulk equilibrium
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FIGURE 4.1: Schematic view of the system under consideration: A nanowire with spin-orbit cou-
pling in a Zeeman field perpendicular to the substrate. Due to existence of an equilibrium spin
current a transverse-to-the-field component of the magnetization, localized at the edges, is induced.
The orange arrows represent the total induced spin. Its transverse component has opposite sign at
both edges of the wire
Semiconducting nanowires with spin-orbit coupling, as InAs and InSb, contacted to conventional su-
perconductors, have been intensively explored in recent years, mainly due to the possibility of creating
Majorana zero modes and topological superconductivity in these systems [43, 45–47, 51, 52, 165–171].
It is worth noticing that both, the ESC and Majorana zero modes, require a component of the Zeeman
field perpendicular to the SOC. In the context of Majorana fermions, several theoretical works have
made a connection between the spin polarization induced at the edges of the wire and the the topological
transition when h =
√
µ2 + ∆2 [51, 172–174], where µ is the chemical potential. In this chapter we
show that the transverse edge spin polarization is a universal property of nanowires supporting ESC and
it exists at all values of h, including those far below the topological transition. Therefore its detection
cannot be associated straightaway to Majorana zero modes [51, 161], but, as we will see, to the existence
of ESC.
Specifically, we show that as a function of the Zeeman field h, the total spin accumulation shows in
general a cusp at h =
√
µ2 + ∆2. Interestingly, when ∆  µ, the transverse spin accumulation shows
in addition a sharp maximum at h ≈ ∆ and can be much larger than the magnitude at the cusp when
h = µ. We analyze in detail this maximum of the spin accumulation and show its robustness against
disorder. Finally we present analytical results for the spatial distribution of the magnetic moment induced
as a response to the Zeeman field. We find that the transverse susceptibility close to the edge of the wire
can be much larger than the longitudinal one, for small values of the SOC.
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4.1 Bulk boundary correspondence
We consider the setup shown Fig. 4.1, where a nanowire is deposited on a substrate. The wire has an
intrinsic SOC which, as usual, is assumed to be linear in momentum and determined by the symmetry
of the structure. In addition, a Zeeman/exchange field h is applied perpendicular to the substrate and
thus to the SOC. Without loss of generality let the wire be oriented along the x-axis, Rashba SOC along
















where the index n labels the particles, p̂kn = −i∂xkn with k = x, y, z are components of the momentum
operator of nth particle, α is the strength of the SOC, Vc(r⊥, x) is a confinement potential, r⊥ = (y, z),
and Hint describes a spin-independent interaction.
The main observables we are interested here are the spin density s = (sx, sy, sz), and components of


















and using the Hamiltonian (4.1) we obtain the following equation of motion for the spin density [98]
(see Eq.(1.126))
∂ts + ∂xkjk + α ŷ × jx + h ẑ× s = 0. (4.3)
Here the third term is the spin-orbit torque, while the last term is the spin torque due to the Zeeman field.
Let us now concentrate on the equilibrium state. The Hamiltonian in (4.1) is real and therefore its
eigenfunctions can be chosen real. This implies that in equilibrium there is no component of the spin
density parallel to the SOC, sy(r) = 0. Similarly, we find that the system can only support an equilibrium
spin current jyk(r) polarized along the y-axis. Therefore in equilibrium the spin-orbit torque vanishes




x(r) = 0. (4.4)




x(x) = 0 , (4.5)
where S(x) is the line spin density along the wire, and Jyx(x) is the ESC flowing through the wire cross-
section. Equation (4.5) shows that ESC in the bulk of the system may exist only if the x-component of
the spin is accumulated at the edges. In other words, Eq. (4.5) establishes a correspondence between the
bulk property of the system, the ESC, and the net spin accumulation transverse to the Zeeman field at
the edge of a finite system. An example of this correspondence has been obtained in Ref. [161] for a
non-interacting finite 1D wire contacted to leads.
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4.2. Spin current of a normal conductor
In a semi-infinite wire, where all particles are confined in the right half-space, the spin accumulation at







This equation is of particular interest: On one hand it connects the ESC on the right hand side, which is
a rather theoretical object [154], with a measurable quantity, the edge spin polarization (left hand side).
On the other hand it provides a direct way to determine the edge spin accumulation by calculating a bulk
property, the ESC, independently of boundary conditions. Clearly, for a finite wire, the transverse spin
accumulation at opposite edges is equal in magnitude but oriented in the opposite direction, as shown
schematically in Fig. 4.1. In the following we will use this relation to compute the transversal spin
accumulation in normal and superconducting wires.
4.2 Spin current of a normal conductor
As a first example we consider a one-channel normal ballistic wire described by the 1D version of






with the velocity operator v̂x = ∂H∂p̂x =
k
m + ασ̂
y and the equilibrium density matrix written in terms of

















where ξk = k2/2m − µ, Ek =
√
α2k2 + h2 and f(E) is the Fermi distribution function. We focus on







(mα2 + µ)2 + h2 − µ2
]
, (4.9)
the current can be expressed as the sum of the contributions from the two bands:
Jyx = J
y,−
x + Θ(µ− h)Jy,+x , (4.10)
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FIGURE 4.2: Transverse spin accumulation as function of the Zeeman field h = gµBB for various
values of the SOC strength, αkF in the a) normal and b) superconducting case at T = 0.


































FIGURE 4.3: Spin accumulation calculated in the quasi-classical limit as function of the Zeeman
field for various values of αkF in the a) ballistic and b) diffusive limit at T = 0. In the diffusive
limit we have chosen ∆τ = 0.1.
Clearly the ESC is finite only if both, the SOC and Zeeman field, are finite. The transverse spin accumu-
lation can be computed by substituting Eq. (4.11) into Eq. (4.6). The result is shown in Fig. 4.2 a). By
increasing h from zero towards µ, the spin current increases monotonically. At h = µ, k+ = 0and for
larger values of h the upper band does not contribute to the current. This results in a cusp-like maximum
in the spin current, also obtained in Ref. [161] for a normal wire ∗.
4.3 Spin current for superconducting wire
Now we assume that the wire is placed on top of a superconductor so that it is fully proximized.
∗Notice that the expression (4.6) makes a connection between the bulk spin-current and the total transverse spin. The spatial
distribution of the latter has to be computed by solving the full boundary value problem. In a normal wire this was done in
Ref. [161].
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4.3.1 Ballistic case
We start by examining the case of a clean wire. As customary, the system is described by the Bogoliubov








τz + hσ̂z + ∆τx (4.12)
where ∆ is the SC order parameter, and τj are the Pauli matrices in the Nambu space. This Hamiltonian




2 + h2 + ∆2 + (−1)i2Q , (4.13)


























m σ̂y + α
)
τz the spin current operator written in Nambu-spin space. Explicit evaluation of this
































It is important to note that this expression is rather general and valid for arbitrary values of the pa-
rameters. The numerical evaluation of the integral can be performed straightforwardly and shows two
prominent features as seen in Fig. 4.2 b). The first one is the same cusp-like local maximum, as in
the normal case, which now appears at h =
√
µ2 + ∆2. This value corresponds to the critical Zeeman
field above which the wire is in the topological phase. It is worth mentioning that this cusp-like feature
is obtained, practically, over the whole range of parameters. Only when µ → 0, and mα2  ∆, the
transverse spin does not show a maximum at h = ∆ and the discontinuity in the slope of Sx at h = ∆
is smoothed out [174]. In this work we are not interested in zero chemical potential limit and focus on
cases when µ ∆,mα2.
The second second prominent feature as seen from Fig. 4.2 b) is the maximum that appears at values of
h µ and that for small enough values of α is located at h ≈ ∆. Interestingly, by lowering α the peak
first gets narrow and simultaneously increases in magnitude exceeding by far the local maximum at the
topological transition. Further decrease of α reduces the height of the peak until the spin current, and
thus the spin accumulation, vanish when α→ 0.
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4.3.2 Quasi-classical limit
Since this maximum in the spin accumulation occurs at values of the fields much smaller than µ we
can investigate the behavior of the transverse spin-accumulation at small α within the quasi-classical








Here ǧ is the quasi-classical Green’s function that is obtained from the Gor’kov Green’s function by the
ξ-integration [175] ǧ = i/π
∫
dξǦ(k, ωn), 〈· · · 〉 is the average over the Fermi surface, T the tempera-
ture,N0 = 1/(2πvF ) is the 1D density of states at the Fermi level, ωn = (2n+ 1)πT are the Matsubara
frequencies and vF , kF denote the Fermi velocity, Fermi momentum respectively.
To obtain the quasi-classical Green’s function we start from the Gor’kov Eq. (1.36). After a Fourier
transformation in time and space (assuming a constant ∆) these are
[iωn − ε̂k] Ĝ(k, ωn) + ∆F̂(k, ωn) = 1
[−iωn − ε̂ck] F̂(k, ωn)−∆∗Ĝ(k, ωn) = 0. (4.17)
where
ε̂k = ξ + hσ̂z + αkσ̂y
ε̂ck = ξ − hσ̂z + αkσ̂y. (4.18)
and ξ = k2/2m− µ. Solving this algebraic equation for Ĝ we find for its components in spin space
Gi =
G̃i
(ξ − ξ1) (ξ + ξ1) (ξ − ξ∗1) (ξ + ξ∗1)
(4.19)


















2) + h2ω2n (4.20)
and
G̃0 = −ξ3k − iωnξ2k − ξk − iωn
(
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(ξk − ξ1) (ξk + ξ1) (ξk − ξ∗1) (ξk + ξ∗1)
. (4.22)





















 w2n + ∆2 + iR√
w2n + ∆













 αkF (ω2 + ∆2 + iR)
R
√
ω2 + ∆2 − h2 − α2k2F + 2iR
.
 (4.25)
From this expression and Eq. (4.6) we compute the dependence Sx(h) around h = ∆, which is shown in
Fig. 4.3 a). As expected, in this range of parameters, the quasi-classical result agrees with the exact cal-
culation (cf. Fig. 4.2 b). In particular, the peak is more pronounced for small values of SOC and washes
out with increasing SOC strength. At h = ∆ and for αkF /∆  1 the integral can be approximated















With αkF /∆ 1 we can approximate R ≈ ∆
√

















ω2n + ∆− h2 − (αkF )2 + 2iR
(4.28)
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4.3.3 Diffusive limit
So far we have considered a pure ballistic situation. It is however known that s-wave superconductivity
is insensitive against elastic disorder, and therefore one would expect to obtain qualitative similar results
for a disorder superconducting nanowire supporting ESC. Notice that in this case the wire is a multiband
wire described by Hamiltonian Eq. (4.1) which can be considered as a quasi-one dimensional wire when
its lateral dimensions are much shorter than the superconducting coherence length but larger than the
elastic mean free path. In this case the spin current can be written in terms of the isotropic in momentum
quasi-classical Green’s function [105] that we introduced in Eq. (1.148). Here we will denote it by ǧ for












where D = v2F τ is the diffusion constant in 1D, τ is the momentum relaxation time, ∇̃x· = ∂x ·
−i(κα/2) [σ̂y, ·], and κα = 2mα is the inverse of the spin precession length. To find ǧ we solve the






− [(ω̂n − ihσ̂z) τ3 + ∆τ1, ǧ] = 0 (4.31)
where Γ̂ǧ = [σ̂y, [σ̂y, ǧ]] /4τα, and 1/τα = Dκ2α is the inverse Dyakonov-Perel spin relaxation time.
The Green’s function has to fulfill the normalization condition ǧ2 = 1.
The matrix structure of the quasi-classical Green’s functions entering the Usadel equation is ǧ = ĝτ3 +
f̂τ1 and for a Zeeman field in z-direction the matrices ĝ and f̂ are diagonal in the spin space with compo-
nents g± and f± respectively.









1− g+g− − f+f−
)
; . (4.32)
Substituting in this equation the solution of Eq. (4.31) and after using our correspondence, Eq. (4.6) one
obtains the transverse spin accumulation as shown in Fig. 4.3 b). Thus, also in the diffusive limit we find
a maximum Sx at h ≈ ∆ for small values of SOC.
In the limit T  1/τα  h ∼ ∆ we obtain that, within logarithmic accuracy, the spin current of






∆τ log (∆τα) . (4.33)
Thus, in the diffusive case the peak in the spin-current at h = ∆ for small values of the SOC is reduced
by a factor ∼ δ log δ, with δ = ∆τ
√
αkF
∆  1, with respect to the pure ballistic case, cf. Eq. (4.27).
This explains the difference between the peak heights in Figs. 4.3 a) - b), for kFα = 0.05∆. Notice
however that this difference is not that pronounced for larger values of the SOC.
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FIGURE 4.4: Spatial dependence of the mangetization parallel (Mz) and perpendicular (Mx) to the
exchange field for a semi-infinite wire at T = 0 and different values of SOC.
4.3.4 Spatial distribution of the Magnetization
Previously, we have used the general expression Eq. (4.6) to relate the bulk ESC to the transverse spin-
polarisation, S̄x in a finite wire (see Fig. 4.1). We understand that S̄x accumulates at the edge and decays
from the edge towards the bulk, but the exact spatial distribution has to be determined in each particular
case. In the normal state the dependence Sx(x) was computed numerically in Ref. [161] for a wire
connected to two leads and for values of h of the order of |µ|. Here we focus on the superconducting
state in the relevant quasiclassical regime, h µ, for which the Eilenberger equation holds
±vF∂xǧ± = i [±αpF σ̂y + τ3 (iωn + hσ̂z) + iτ2∆, ǧ±] . (4.34)
Here ǧ± denotes the the Green’s functions for both propagation directions±vF . We assume that the wire
extends over the region x > 0. At the edge, x = 0 no current flows and the boundary condition imposes
that ǧ+(0) = ǧ−(0). We focus here on the spin susceptibility, i.e. the magnetic linear response of the
system in the presence of a small Zeeman field. In other words we compute the spatial dependence of the
spin in linear order in h. To this end we perform perturbation theory and write the solution of Eq. (4.34)
as ǧ±(x) = ǧBCS + δǧ±(x) where ǧBCS = (ωnτ3 + ∆τ2)/E and E =
√
ω2n + ∆













where δǧs = δǧ+ + δǧ−. Specifically, we obtain
δǧs =
2h∆ǧBCSτ1
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E + αkF sin(καx)e
− 2Ex
vF
E2(E2 + (αkF )2)
, (4.38)
where S0 = hN0 is the Pauli paramagnetic term. This is a remarkable result that shows that in a finite
system, besides the longitudinal response Sz = δSz − S0, there is a finite transverse magnetisation Mx
accumulated at the edge of the sample which decays toward the bulk over the superconducting coherence
length. At low temperatures, the ratio Sx/Sz at the edge of the sample, x = 0, is proportional to
∆/αkF and therefore the transverse magnetisation can be much larger than Sz provided αpF  ∆.
This result generalises the well-established theory of paramagnetic response of superconducting systems
with intrinsic SOC [164]. The full spatial dependence of Sx,z(x) is shown in Fig. 4.4.
4.3.5 Conclusion
In summary, we have demonstrated a universal correspondence between equilibrium spin currents and
a transverse spin accumulation in wires with SOC and a perpendicular Zeeman field. Such spin accu-
mulation appears in both normal and superconducting state. In the normal state the total edge spin is
maximized for values of h of the order of the chemical potential µ. More interestingly, in the supercon-
ducting state the effect can be maximized at values of the SOC and Zeeman energy much smaller than µ.
We demonstrated that this effect is robust against disorder and manifest in a hitherto unknown transverse




Weyl semimetal interfaces as chiral valves
The previous chapters focused on superconducting heterostructures, where the normal state dispersion
was quadratic in momentum. Within the last months of my thesis, the aim was to study the prox-
imity effect in heterostructures between superconductors and the recently discovered Weyl semimetals
(WSM) [55–57]. WSMs are a new exciting material class exhibiting a pseudo-relativistic linear disper-
sion around so-called Weyl points in the Brillouin zone and unusual surface states called Fermi arcs,
that are a consequence of the topological structure of the bulk dispersion. As preliminary work I studied
the ballistic transport properties of WSM heterostructures in the normal state. This led to the discov-
ery of an interesting filtering effect that is the topic of this chapter. The extension to interfaces with
superconductors will be the subject of future work.
The possibility of filtering quantum mechanical degrees of freedom is the essence of computation. For
instance, transistor-based electronics relies on the filtering of electric charge to control the flow of
current, while spintronics relies on filtering the spin-up or spin-down projection to encode informa-
tion [176–178]. In metals where the low-energy quasiparticles behave as pseudo-relativistic particles,
such as two-dimensional graphene and three-dimensional WSMs [54], there exist additional degrees of
freedom which can serve as alternatives for computation. In two-dimensions, Dirac quasiparticles are
excitations around specific quasiparticle momenta known as valleys, with linear dispersion relations.
By selectively populating a single valley this degree of freedom may be used to encode information, a
possibility referred to as valleytronics [179, 180].
In three-dimensions, Weyl quasiparticles are excitations with a linear dispersion around pairwise occur-
ing Weyl nodes at arbitrary points in momentum space of opposite chirality. The chirality is a quantum-
mechanical degree of freedom that refers to whether the quasiparticle momentum is pointing parallel or
anti-parallel to its spin. Similarly to the valley filter, a chirality filter may be used to encode information.
This chapter is organized as follows. In Sec. 5.1 we recall the Dirac equation and the Weyl equation
that describe relativistic massive and massless spin 1/2 fermions respectively. Based on this, we make
the connection to solid-state realizations of such fermions and introduce the minimal model describing
these quasiparticles. We then use this model in Sec. 5.2 to study the ballistic transport properties of an
interface between two Weyl semimetals.
87
5.1. Dirac materials and Weyl semimetals
5.1 Dirac materials and Weyl semimetals
In 1928 Dirac succeeded in finding a formulation of single particle quantum mechanics in accordance
with special relativity. The theory had to be be Lorentz invariant, thus in such a relativistic wave equation
time and space derivatives had to appear at the same order. Also for the particle density to be positive
definite, the time derivative had to be first order. Dirac wrote the Ansatz (~ = c = 1)
i∂tΨ = (αp̂ + βm) Ψ. (5.1)
Here α and β are Hermitian operators that are spatially constant and only act on inner degrees of free-
dom. Demanding that the spectrum of the Hamiltonian agrees with the classically know relationship
E2 = p2 +m2 implies that the operators αi and β obey the following conditions:
α2i = β
2 = 1̂, (5.2)
{αi, αj} = 0, (5.3)
{αi, β} = 0. (5.4)
Using these relationships allows to rewrite the Dirac Eq.(5.1) in a way that highlights its covariance.
Multiplying β from the left and defining the matrices γ0 = β, γi = βαi and casting them into a four-
vector γµ gives
(iγµ∂µ −m) Ψ = 0. (5.5)
The conditions (5.2)-(5.4) imply that the matrices γµ satisfy the Dirac algebra
{γµ, γν} = 2gµν , (5.6)
where gµν = diag(1,−1,−1,−1) is the Minkowski metric tensor. There exist infinitely many represen-
tations for the γµ matrices, however it can be shown that the smallest possible representation is in terms











= iσi ⊗ τy. (5.7)
The introduced τi matrices are the same as the Pauli matrices σi but operate in the chiral subspace. In a
4-dimensional representation, the wave function Ψ must be a 4-vector (Dirac spinor)
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We decomposed the Dirac spinor into Ψ− and Ψ+ which are its projections onto to the two chiral
subspaces. In this chiral basis the Dirac equation reads
(i∂t − σp̂) Ψ+ = mΨ− (5.9)
(i∂t + σp̂) Ψ
− = mΨ+, (5.10)
so a finite mass mixes both subspaces.















with the Weyl Hamiltonians Hτ = τσp where τ = ±1. The quasiparticles described by the decoupled
spinors Ψ− and Ψ+ are Weyl fermions with left-handed and right-handed chirality, respectively. The
chirality is a symmetry of the Hamiltonian (5.11), as can be seen by defining the chirality operator
γ5 = iγ0γ1γ2γ3 = −1̂⊗ τz. (5.12)
It anti-commutes with all the other matrices γµ and commutes with the Hamiltonian (5.11). The spinors
(Ψ−, 0, 0)T and (0, 0,Ψ+)T are eigenstates of γ5 with eigenvalues ±1 which correspond to their left- or
right-handedness. Besides this rather mathematical introduction of the chirality as a conserved quantity
in the massless case, it is the sign of the spin projection along the direction of the momentum of the
particle.
From a particle physics perspective, all fermions are Dirac fermions and Weyl fermions have not been
discovered as elementary particles. However, in solid-state systems, Weyl fermions can exist as low-
energy excitations around certain points in three-dimensional momentum space. Materials exhibiting
such linear band dispersions described by the Weyl Eqs. (5.11) are called Weyl semimetals, and the
points in momentum space where these bands cross are called Weyl nodes.
In a solid-state system the realization of a vanishing mass term is rather unrealistic and the Weyl fermions
would gap out as shown in Fig. 5.1 a). Nevertheless there exist ways to protect the linear band crossings,
even in presence of a mass term. One possibility is by imposing additional symmetries. This leads to
the case of a Dirac semi-metal, where two doubly degenerate Dirac cones exist at the same point in
momentum space, but the Weyl fermions remain decoupled. Another possibility is to break one of the
two inherent symmetries of the Dirac and Weyl Hamiltonian, inversion symmetry I or time-reversal
symmetry T . This splits the previously degenerate Dirac cones and gives rise to two Weyl nodes that
are separated in energy and momentum space.





























b2 − b20 > m2 > 0
FIGURE 5.1: Dispersions of the minimal model Eq. (5.13) for the different gapless cases. a) Dis-
persion of the Dirac equation in the gapless and massive case. b) Splitting of the Dirac cones due
to time reversal symmetry breaking fields. c) Time-reversal and inversion symmetry breaking fields
shift the nodes in momentum and energy space.
where each block
Hτ (k) = τb0 + σ.(τk− b)− µ , (5.14)
describes the dynamics of a Weyl fermion around the node τ = ±1 in k-space, where we set the
Fermi velocity to unity, vF = 1. Further µ is the chemical potential and, as in the Dirac Eq. (5.5), the
parameter m describes an eventual coupling between the two Weyl nodes. The terms proportional to the
parameters b0 and b, correspond to the I and T breaking fields, respectively. In general, the parameters
are specific to a given WSM, and can be tuned, to some extent, by applying strains or modifying the
internal magnetization of the material. We gather the parameters within a 4-vector notation bν = (b0,b).
The case of interest is when the system is gapless, which is true as long as bνbν = −b20 + b2 > m2.







Clearly the terms proportional to b cause Weyl node seperations in momentum space, what is schemat-
ically shown for the massive case in Fig. 5.1 b). The term proportional to b0 is responsible for shifts of
the Weyl nodes in energy space, as shown in Fig. 5.1 c), and can for example appear due to the presence
of inversion breaking SOC [183].
In Sec.5.2, we mainly investigate the case of completely decoupled Weyl nodes, namely m = 0. Then
the electronic spectrum is given by:
Eτ (k) = τb0 − µ± | k− τb | , (5.16)
describing conical dispersion around nodes located at k = ±b, and are also shifted in energy by 2b0.
The chemical potential µ and the energy shift b0 set the sizes of the Fermi surfaces which consist in
two spheres of radius µτ = µ − τb0, centered at τb. Depending on the relative values of the chemical
potential, energy shift 2b0 and momentum shift 2b, these Fermi spheres might merge into a single Fermi
surface through a Lifshitz transition. In this work, we avoid such a situation, thereby keeping always
two well-separated Fermi spheres (Fig. 5.2).
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5.2 Weyl semimetals and chiraltronics
The controlled population of a single chirality is experimentally challenging. One of the main proposals
in this direction is to design interfaces that, upon varying an external parameter can transmit one, none
or both chiralities. Under specific conditions a barrier between electron and hole doped materials, a
p-n junction, can act as a chirality filter. For example, two Weyl quasiparticles with linear dispersion
relations tilted in a given direction, known as a tilted Weyl cone, allows perfect transmission of a single
chirality at particular incident angles [60]. This is possible since the tilt determines the existence of states
across the barrier that conserve the momentum parallel to the interface; in its absence both chiralities
would be transmitted with equal probability [59]. However, doping metals is experimentally challenging
and therefore p-n junctions composed of WSMs have not been experimentally realized.
An alternative proposal to achieve a chirality filter is to use strain engineering. Mechanical strain acts for
low-energy Weyl quasiparticles as an emergent chirality dependent pseudo-electromagnetic field [184].
Wave packets of different chiralities subject to these fields can trace out different trajectories, enabling
the filter [185]. Although analogues of strain coupling to Weyl dispersions have been achieved in Weyl
acoustic metamaterials [186] and photonic systems [187], the required strain profiles to achieve a chiral-
ity filter in electronic systems is far from being realized. In this work we propose a simpler alternative
to design a three-dimensional chirality filter. The filter is based on interfacing two distinct chiral WSMs,
for which the Weyl nodes are separated in energy and momentum. Due to the difference in Weyl node
separation across the interface, the two chiralities may experience different transmission probabilities.
Depending on the difference of the Weyl node separation on both sides of the interface and the bias
voltage, it is possible to achieve transition of one, none or both chiralities. The filtering does not require
differences in doping [59, 60], potential barriers [61, 62], or external fields [63, 64].
5.2.1 Interface between two Weyl/Dirac materials
We consider a planar interface between two WSMs (WSM1/WSM2), each one being described by a
generic model Eq. (5.13) with its own parameters. The shift parameters are denoted (b0,L,bL) (resp.
(b0,R,bR)) for the material located in the half-space x < 0 (resp. x > 0). The general condition for
transmission/blocking at the nodes between same chirality τ = ± is that the projections of the Fermi
surfaces around the nodes in WSM1 and WSM2 onto the interface plane have to overlap/be disjunct.
This geometric condition is particularly simple in the massless case when the Fermi surfaces are spheres.
Then the sum of the radii of the Fermi spheres, attached to the nodes of a distinct chirality on both sides
of the interface must be bigger/smaller then their Weyl node separation in momentum space, i.e.∣∣µL + E − τbL0 ∣∣+ ∣∣µR + E − τbR0 ∣∣ ≷ ∣∣∣(bL − bR)‖∣∣∣ . (5.17)
Here a‖ stands for a vector component parallel to the interface. If the shift between the Weyl nodes is
purely perpendicular to the interface, the projections of the Fermi surface onto the interface plane always
overlap, and the chirality filtering will not work. In the following, we assume a planar interface in the
y-z plane located at x = 0. We introduce bL/R = B ∓∆b/2, and restrict ourselves to the case of
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momentum-space node-shifts purely orthogonal to the transport direction. For simplicity, we take the
difference between the node separations on both sides of the interface along ey, i.e.
bL/R = (B ∓∆b/2) ey. (5.18)
Scattering properties for decoupled nodes
We start from the case m = 0, when the Weyl nodes are decoupled and it is possible to obtain analytical
results for the transmission probability of quasiparticles across the interface constructing the scattering
wave functions of the system. In the following, we assume x as the transport direction and an interface
in the y-z plane. A sharp interface is assumed for calculations but the main qualitative result, namely
chirality filtering, pertains for a smooth one (smooth in the x direction). The components of the momenta
parallel to the interface, k‖ = (ky, kz), are good quantum numbers due to the translational invariance
within the y-z plane. For a given excitation energy E and (ky, kz), the plane wave solutions traveling in








τ qτxxeik‖r‖ , (5.19)











(kτ )2 − (qτy )2 − (qτz )2 = kτ cosϕτ sinϑτ , (5.21)
qτy = ky − τby = kτ sinϑτ sinϕτ , (5.22)
qτz = kz − τbz = kτ cosϑτ , (5.23)




sign(E + µτ ). The solutions are parametrized individually for each node by spherical coordinates with
the origin placed at the node point with angles ϕτ ∈ (−π/2, π/2), ϑτ ∈ [0, π) as shown in Fig. 5.2
From these spinors, we now construct the scattering states across the interface. As an example, the
wave function for a conduction band electron injected from the left (L) Weyl node and transmitted
to the conductance band in the right (R) Weyl node of the same chirality τ = + for a given energy


















)  , (5.24)
(5.25)
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Each solution is normalized to carry unit probability flux. Solving the system of equations obtained by
imposing continuity of the scattering wave function across the interface for both nodes, ΨτL(x = 0) =































. This expression for the transmission probability holds as long as there exist propagating solutions






2 − (ky − τby,R)2 − k2z is a real quantity.
Chiral filtering
We here further illustrate the geometric criterion in reciprocal space given in Eq. (5.17), for reaching
complete chirality filtering, namely the total blocking of a given chirality while the opposite chirality
is (partially) transmitted. This chirality filtering relies on transverse momentum conservation. For the
ballistic regime and the interface described above, the system is invariant by any translation in the y-
z plane. Therefore the components ky and kz of the momenta are good quantum numbers and are
conserved across the interface. Momentum conservation parallel to the interface implies the following


















R + τ∆b , (5.29)
where the norms of the electron wave vectors kτ(R,L) and the different angles are defined below.
The norm of the electron wave vector in the material at right (x > 0) is given by :
kτR = |E + µ− τb0,R| , (5.30)
for the chirality τ , and a similar equation is obtained, in the left-side material, for kτL by the substitution
b0,R → b0,L .













which implies injection angles above which there is no real solution of the above equations and thus no
transmission.
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  node
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<latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit>
 µ  b0
<latexit sha1_base64="oMOaJTPXE4PePt8lPrtEVPBdbTM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWys9FgfiKQeDN3KsFpzG24OtEq8gtSgQGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+5ZKLKj20/zgOTqzygiFkbIlDcrV3xMpFlrPRGA7BTYTvexl4n9ePzHhtZ8yGSeGSrJYFCYcmQhl36MRU5QYPrMEE8XsrYhMsMLE2IyyELzll1dJ56LhuQ3v/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDSlOPZw==</latexit><latexit sha1_base64="oMOaJTPXE4PePt8lPrtEVPBdbTM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWys9FgfiKQeDN3KsFpzG24OtEq8gtSgQGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+5ZKLKj20/zgOTqzygiFkbIlDcrV3xMpFlrPRGA7BTYTvexl4n9ePzHhtZ8yGSeGSrJYFCYcmQhl36MRU5QYPrMEE8XsrYhMsMLE2IyyELzll1dJ56LhuQ3v/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDSlOPZw==</latexit><latexit sha1_base64="oMOaJTPXE4PePt8lPrtEVPBdbTM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWys9FgfiKQeDN3KsFpzG24OtEq8gtSgQGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+5ZKLKj20/zgOTqzygiFkbIlDcrV3xMpFlrPRGA7BTYTvexl4n9ePzHhtZ8yGSeGSrJYFCYcmQhl36MRU5QYPrMEE8XsrYhMsMLE2IyyELzll1dJ56LhuQ3v/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDSlOPZw==</latexit><latexit sha1_base64="oMOaJTPXE4PePt8lPrtEVPBdbTM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWys9FgfiKQeDN3KsFpzG24OtEq8gtSgQGtY/RqMIpIIKg3hWOu+58bGT7EyjHA6rwwSTWNMpnhM+5ZKLKj20/zgOTqzygiFkbIlDcrV3xMpFlrPRGA7BTYTvexl4n9ePzHhtZ8yGSeGSrJYFCYcmQhl36MRU5QYPrMEE8XsrYhMsMLE2IyyELzll1dJ56LhuQ3v/rLWvCniKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsWgtOcXMMfyB8/kDSlOPZw==</latexit>
 µ+ b0
<latexit sha1_base64="qg6/ywnx+i9S6STVd31Y6LMp8SA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJBzONqS/wSLKQEWys9HjeF8lZMHArg2rNrbs50DLxClKDAs1B9as/jEgiqDSEY617nhsbP8XKMMLprNJPNI0xmeAR7VkqsaDaT/ODZ+jEKkMURsqWNChXf0+kWGg9FYHtFNiM9aKXif95vcSE137KZJwYKsl8UZhwZCKUfY+GTFFi+NQSTBSztyIyxgoTYzPKQvAWX14m7Yu659a9+8ta46aIowxHcAyn4MEVNOAOmtACAgKe4RXeHOW8OO/Ox7y15BQzh/AHzucPR0OPZQ==</latexit><latexit sha1_base64="qg6/ywnx+i9S6STVd31Y6LMp8SA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJBzONqS/wSLKQEWys9HjeF8lZMHArg2rNrbs50DLxClKDAs1B9as/jEgiqDSEY617nhsbP8XKMMLprNJPNI0xmeAR7VkqsaDaT/ODZ+jEKkMURsqWNChXf0+kWGg9FYHtFNiM9aKXif95vcSE137KZJwYKsl8UZhwZCKUfY+GTFFi+NQSTBSztyIyxgoTYzPKQvAWX14m7Yu659a9+8ta46aIowxHcAyn4MEVNOAOmtACAgKe4RXeHOW8OO/Ox7y15BQzh/AHzucPR0OPZQ==</latexit><latexit sha1_base64="qg6/ywnx+i9S6STVd31Y6LMp8SA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJBzONqS/wSLKQEWys9HjeF8lZMHArg2rNrbs50DLxClKDAs1B9as/jEgiqDSEY617nhsbP8XKMMLprNJPNI0xmeAR7VkqsaDaT/ODZ+jEKkMURsqWNChXf0+kWGg9FYHtFNiM9aKXif95vcSE137KZJwYKsl8UZhwZCKUfY+GTFFi+NQSTBSztyIyxgoTYzPKQvAWX14m7Yu659a9+8ta46aIowxHcAyn4MEVNOAOmtACAgKe4RXeHOW8OO/Ox7y15BQzh/AHzucPR0OPZQ==</latexit><latexit sha1_base64="qg6/ywnx+i9S6STVd31Y6LMp8SA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEsigh6LXjxWsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrK6tb5Q3K1vbO7t71f2Dto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5DbzO09UaRbJBzONqS/wSLKQEWys9HjeF8lZMHArg2rNrbs50DLxClKDAs1B9as/jEgiqDSEY617nhsbP8XKMMLprNJPNI0xmeAR7VkqsaDaT/ODZ+jEKkMURsqWNChXf0+kWGg9FYHtFNiM9aKXif95vcSE137KZJwYKsl8UZhwZCKUfY+GTFFi+NQSTBSztyIyxgoTYzPKQvAWX14m7Yu659a9+8ta46aIowxHcAyn4MEVNOAOmtACAgKe4RXeHOW8OO/Ox7y15BQzh/AHzucPR0OPZQ==</latexit>
filter
<latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit>
filter
<latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit>
filter
<latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit><latexit sha1_base64="V3Si8Zz8B1SotyJ5iVgn7atLMhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l6sceiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsLvd7T6g0j+WjmSfoR3QiecgZNVbqhVwYVJVRtebW3SXIJvEKUoMC7VH1aziOWRqhNExQrQeemxg/o8pwJnBRGaYaE8pmdIIDSyWNUPvZ8twFubLKmISxsiUNWaq/JzIaaT2PAtsZUTPV614u/ucNUhM2/YzLJDUo2WpRmApiYpL/TsZcITNibgllittbCZtSRZnNQOcheOsvb5Juo+65de+hUWvdFnGU4QIu4Ro8uIEW3EMbOsBgBs/wCm9O4rw4787HqrXkFDPn8AfO5w/4ZI9O</latexit>
full block
<latexit sha1_base64="Hdko5sRDVyiKnhUflU1y9G5sb1I=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbduKxgH5CGMplO2qGTTJi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXueeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddozLNeIcpqXQ/pIZLkfAOCpS8n2pO41DyXji9K/zeE9dGqOQRZykPYjpORCQYRSv5USYlCaVi0+qwVncb7gJknXglqUOJ9rD2NRgplsU8QSapMb7nphjkVKNgks+rg8zwlLIpHXPf0oTG3AT54uQ5ubTKiERK25cgWai/N3IaGzOLQzsZU5yYVa8Q//P8DKObIBdJmiFP2PIjm5KgIkV+MhKaM5QzSyjTwt5K2IRqytC2VJTgrUZeJ91mw3Mb3kOz3rot66jAOVzAFXhwDS24hzZ0gIGCZ3iFNwedF+fd+ViObjjlzhn8gfP5A6JJkM4=</latexit><latexit sha1_base64="Hdko5sRDVyiKnhUflU1y9G5sb1I=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbduKxgH5CGMplO2qGTTJi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXueeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddozLNeIcpqXQ/pIZLkfAOCpS8n2pO41DyXji9K/zeE9dGqOQRZykPYjpORCQYRSv5USYlCaVi0+qwVncb7gJknXglqUOJ9rD2NRgplsU8QSapMb7nphjkVKNgks+rg8zwlLIpHXPf0oTG3AT54uQ5ubTKiERK25cgWai/N3IaGzOLQzsZU5yYVa8Q//P8DKObIBdJmiFP2PIjm5KgIkV+MhKaM5QzSyjTwt5K2IRqytC2VJTgrUZeJ91mw3Mb3kOz3rot66jAOVzAFXhwDS24hzZ0gIGCZ3iFNwedF+fd+ViObjjlzhn8gfP5A6JJkM4=</latexit><latexit sha1_base64="Hdko5sRDVyiKnhUflU1y9G5sb1I=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbduKxgH5CGMplO2qGTTJi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXueeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddozLNeIcpqXQ/pIZLkfAOCpS8n2pO41DyXji9K/zeE9dGqOQRZykPYjpORCQYRSv5USYlCaVi0+qwVncb7gJknXglqUOJ9rD2NRgplsU8QSapMb7nphjkVKNgks+rg8zwlLIpHXPf0oTG3AT54uQ5ubTKiERK25cgWai/N3IaGzOLQzsZU5yYVa8Q//P8DKObIBdJmiFP2PIjm5KgIkV+MhKaM5QzSyjTwt5K2IRqytC2VJTgrUZeJ91mw3Mb3kOz3rot66jAOVzAFXhwDS24hzZ0gIGCZ3iFNwedF+fd+ViObjjlzhn8gfP5A6JJkM4=</latexit><latexit sha1_base64="Hdko5sRDVyiKnhUflU1y9G5sb1I=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbduKxgH5CGMplO2qGTTJi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXueeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddozLNeIcpqXQ/pIZLkfAOCpS8n2pO41DyXji9K/zeE9dGqOQRZykPYjpORCQYRSv5USYlCaVi0+qwVncb7gJknXglqUOJ9rD2NRgplsU8QSapMb7nphjkVKNgks+rg8zwlLIpHXPf0oTG3AT54uQ5ubTKiERK25cgWai/N3IaGzOLQzsZU5yYVa8Q//P8DKObIBdJmiFP2PIjm5KgIkV+MhKaM5QzSyjTwt5K2IRqytC2VJTgrUZeJ91mw3Mb3kOz3rot66jAOVzAFXhwDS24hzZ0gIGCZ3iFNwedF+fd+ViObjjlzhn8gfP5A6JJkM4=</latexit>
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<latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit><latexit sha1_base64="urqLWPRaL5Nr6xjZvSsiAgBKmHw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsbbQhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+NmzYHbX0w8Hhvhpl5QSK4Nq777ZRWVtfWN8qbla3tnd296v7Bo45TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ2A7GN7nffkKleSwfzCRBP6JDyUPOqLHS/VmlX625dXcGsky8gtSgQLNf/eoNYpZGKA0TVOuu5ybGz6gynAmcVnqpxoSyMR1i11JJI9R+Nrt0Sk6sMiBhrGxJQ2bq74mMRlpPosB2RtSM9KKXi/953dSEV37GZZIalGy+KEwFMTHJ3yYDrpAZMbGEMsXtrYSNqKLM2HDyELzFl5fJ43ndc+ve3UWtcV3EUYYjOIZT8OASGnALTWgBgxCe4RXenLHz4rw7H/PWklPMHMIfOJ8/pbyMww==</latexit>
 <latexit sha1_base64="TRyex75vu0sTkMEoy3gMa2Ee6Y0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx6rWFtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm9xvP6HSPJYPZpKgH9Gh5CFn1Fjp/qzSr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCKz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8bzuuXXv7qLWuC7iKMMRHMMpeHAJDbiFJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8fqMaMxQ==</latexit><latexit sha1_base64="TRyex75vu0sTkMEoy3gMa2Ee6Y0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx6rWFtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm9xvP6HSPJYPZpKgH9Gh5CFn1Fjp/qzSr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCKz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8bzuuXXv7qLWuC7iKMMRHMMpeHAJDbiFJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8fqMaMxQ==</latexit><latexit sha1_base64="TRyex75vu0sTkMEoy3gMa2Ee6Y0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx6rWFtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm9xvP6HSPJYPZpKgH9Gh5CFn1Fjp/qzSr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCKz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8bzuuXXv7qLWuC7iKMMRHMMpeHAJDbiFJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8fqMaMxQ==</latexit><latexit sha1_base64="TRyex75vu0sTkMEoy3gMa2Ee6Y0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx6rWFtoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GTZuDtj4YeLw3w8y8IBFcG9f9dkorq2vrG+XNytb2zu5edf/gUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfjm9xvP6HSPJYPZpKgH9Gh5CFn1Fjp/qzSr9bcujsDWSZeQWpQoNmvfvUGMUsjlIYJqnXXcxPjZ1QZzgROK71UY0LZmA6xa6mkEWo/m106JSdWGZAwVrakITP190RGI60nUWA7I2pGetHLxf+8bmrCKz/jMkkNSjZfFKaCmJjkb5MBV8iMmFhCmeL2VsJGVFFmbDh5CN7iy8vk8bzuuXXv7qLWuC7iKMMRHMMpeHAJDbiFJrSAQQjP8Apvzth5cd6dj3lrySlmDuEPnM8fqMaMxQ==</latexit>
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<latexit sha1_base64="dahkyyauMDwOISf8udsLt0L7CZg=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxiPiA5wt5mL1myt3vszgkh5B/YWChi6z+y89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7CxubW9U9wt7e0fHB6Vj09aVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfvtJ26s0OoRJykPEzpUIhaMopMelO6XK37VX4CskyAnFcjR6Je/egPNsoQrZJJa2w38FMMpNSiY5LNSL7M8pWxMh7zrqKIJt+F0cemMXDhlQGJtXCkkC/X3xJQm1k6SyHUmFEd21ZuL/3ndDOPrcCpUmiFXbLkoziRBTeZvk4EwnKGcOEKZEe5WwkbUUIYunJILIVh9eZ20atXArwb3tUr9Jo+jCGdwDpcQwBXU4Q4a0AQGMTzDK7x5Y+/Fe/c+lq0FL585hT/wPn8ApA6NaQ==</latexit><latexit sha1_base64="dahkyyauMDwOISf8udsLt0L7CZg=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxiPiA5wt5mL1myt3vszgkh5B/YWChi6z+y89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7CxubW9U9wt7e0fHB6Vj09aVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfvtJ26s0OoRJykPEzpUIhaMopMelO6XK37VX4CskyAnFcjR6Je/egPNsoQrZJJa2w38FMMpNSiY5LNSL7M8pWxMh7zrqKIJt+F0cemMXDhlQGJtXCkkC/X3xJQm1k6SyHUmFEd21ZuL/3ndDOPrcCpUmiFXbLkoziRBTeZvk4EwnKGcOEKZEe5WwkbUUIYunJILIVh9eZ20atXArwb3tUr9Jo+jCGdwDpcQwBXU4Q4a0AQGMTzDK7x5Y+/Fe/c+lq0FL585hT/wPn8ApA6NaQ==</latexit><latexit sha1_base64="dahkyyauMDwOISf8udsLt0L7CZg=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxiPiA5wt5mL1myt3vszgkh5B/YWChi6z+y89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7CxubW9U9wt7e0fHB6Vj09aVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfvtJ26s0OoRJykPEzpUIhaMopMelO6XK37VX4CskyAnFcjR6Je/egPNsoQrZJJa2w38FMMpNSiY5LNSL7M8pWxMh7zrqKIJt+F0cemMXDhlQGJtXCkkC/X3xJQm1k6SyHUmFEd21ZuL/3ndDOPrcCpUmiFXbLkoziRBTeZvk4EwnKGcOEKZEe5WwkbUUIYunJILIVh9eZ20atXArwb3tUr9Jo+jCGdwDpcQwBXU4Q4a0AQGMTzDK7x5Y+/Fe/c+lq0FL585hT/wPn8ApA6NaQ==</latexit><latexit sha1_base64="dahkyyauMDwOISf8udsLt0L7CZg=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxiPiA5wt5mL1myt3vszgkh5B/YWChi6z+y89+4Sa7QxAcDj/dmmJkXpVJY9P1vr7CxubW9U9wt7e0fHB6Vj09aVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+nfvtJ26s0OoRJykPEzpUIhaMopMelO6XK37VX4CskyAnFcjR6Je/egPNsoQrZJJa2w38FMMpNSiY5LNSL7M8pWxMh7zrqKIJt+F0cemMXDhlQGJtXCkkC/X3xJQm1k6SyHUmFEd21ZuL/3ndDOPrcCpUmiFXbLkoziRBTeZvk4EwnKGcOEKZEe5WwkbUUIYunJILIVh9eZ20atXArwb3tUr9Jo+jCGdwDpcQwBXU4Q4a0AQGMTzDK7x5Y+/Fe/c+lq0FL585hT/wPn8ApA6NaQ==</latexit>
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<latexit sha1_base64="FmO8Ddo26fUS1v3X0UazfGClQPE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVtfWNzq7pd29nd2z+oHx51bZQYxjsskpHpBdRyKTTvoEDJe7HhVAWSPwbT28J/fOLGikg/YBpzX9GxFqFgFAtpOkxrw3rDbbpzkFXilaQBJdrD+tdgFLFEcY1MUmv7nhujn1GDgkk+qw0Sy2PKpnTM+znVVHHrZ/NbZ+QsV0YkjExeGslc/T2RUWVtqoK8U1Gc2GWvEP/z+gmG134mdJwg12yxKEwkwYgUj5ORMJyhTHNCmRH5rYRNqKEM83iKELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAwQSe4RXeHOW8OO/Ox6K14pQzx/AHzucPmlWN7w==</latexit><latexit sha1_base64="FmO8Ddo26fUS1v3X0UazfGClQPE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVtfWNzq7pd29nd2z+oHx51bZQYxjsskpHpBdRyKTTvoEDJe7HhVAWSPwbT28J/fOLGikg/YBpzX9GxFqFgFAtpOkxrw3rDbbpzkFXilaQBJdrD+tdgFLFEcY1MUmv7nhujn1GDgkk+qw0Sy2PKpnTM+znVVHHrZ/NbZ+QsV0YkjExeGslc/T2RUWVtqoK8U1Gc2GWvEP/z+gmG134mdJwg12yxKEwkwYgUj5ORMJyhTHNCmRH5rYRNqKEM83iKELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAwQSe4RXeHOW8OO/Ox6K14pQzx/AHzucPmlWN7w==</latexit><latexit sha1_base64="FmO8Ddo26fUS1v3X0UazfGClQPE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVtfWNzq7pd29nd2z+oHx51bZQYxjsskpHpBdRyKTTvoEDJe7HhVAWSPwbT28J/fOLGikg/YBpzX9GxFqFgFAtpOkxrw3rDbbpzkFXilaQBJdrD+tdgFLFEcY1MUmv7nhujn1GDgkk+qw0Sy2PKpnTM+znVVHHrZ/NbZ+QsV0YkjExeGslc/T2RUWVtqoK8U1Gc2GWvEP/z+gmG134mdJwg12yxKEwkwYgUj5ORMJyhTHNCmRH5rYRNqKEM83iKELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAwQSe4RXeHOW8OO/Ox6K14pQzx/AHzucPmlWN7w==</latexit><latexit sha1_base64="FmO8Ddo26fUS1v3X0UazfGClQPE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbt0dxN2J0II/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmVtfWNzq7pd29nd2z+oHx51bZQYxjsskpHpBdRyKTTvoEDJe7HhVAWSPwbT28J/fOLGikg/YBpzX9GxFqFgFAtpOkxrw3rDbbpzkFXilaQBJdrD+tdgFLFEcY1MUmv7nhujn1GDgkk+qw0Sy2PKpnTM+znVVHHrZ/NbZ+QsV0YkjExeGslc/T2RUWVtqoK8U1Gc2GWvEP/z+gmG134mdJwg12yxKEwkwYgUj5ORMJyhTHNCmRH5rYRNqKEM83iKELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAwQSe4RXeHOW8OO/Ox6K14pQzx/AHzucPmlWN7w==</latexit>
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<latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit> by,R
<latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit>
 by,R
<latexit sha1_base64="Z0XWRMsXJUzQBooy75OLAaTuq6g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ40JKIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJYPZpSgH9G+5CFn1FipdRZ0s9Hp/bhbKrsVdwqySLyclCFHrVv66vRilkYoDRNU67bnJsbPqDKcCRwXO6nGhLIh7WPbUkkj1H42vXdMjq3SI2GsbElDpurviYxGWo+iwHZG1Az0vDcR//PaqQmv/IzLJDUo2WxRmApiYjJ5nvS4QmbEyBLKFLe3EjagijJjIyraELz5lxdJ47ziuRXv7qJcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/k2GPpw==</latexit><latexit sha1_base64="Z0XWRMsXJUzQBooy75OLAaTuq6g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ40JKIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJYPZpSgH9G+5CFn1FipdRZ0s9Hp/bhbKrsVdwqySLyclCFHrVv66vRilkYoDRNU67bnJsbPqDKcCRwXO6nGhLIh7WPbUkkj1H42vXdMjq3SI2GsbElDpurviYxGWo+iwHZG1Az0vDcR//PaqQmv/IzLJDUo2WxRmApiYjJ5nvS4QmbEyBLKFLe3EjagijJjIyraELz5lxdJ47ziuRXv7qJcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/k2GPpw==</latexit><latexit sha1_base64="Z0XWRMsXJUzQBooy75OLAaTuq6g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ40JKIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJYPZpSgH9G+5CFn1FipdRZ0s9Hp/bhbKrsVdwqySLyclCFHrVv66vRilkYoDRNU67bnJsbPqDKcCRwXO6nGhLIh7WPbUkkj1H42vXdMjq3SI2GsbElDpurviYxGWo+iwHZG1Az0vDcR//PaqQmv/IzLJDUo2WxRmApiYjJ5nvS4QmbEyBLKFLe3EjagijJjIyraELz5lxdJ47ziuRXv7qJcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/k2GPpw==</latexit><latexit sha1_base64="Z0XWRMsXJUzQBooy75OLAaTuq6g=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ40JKIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJYPZpSgH9G+5CFn1FipdRZ0s9Hp/bhbKrsVdwqySLyclCFHrVv66vRilkYoDRNU67bnJsbPqDKcCRwXO6nGhLIh7WPbUkkj1H42vXdMjq3SI2GsbElDpurviYxGWo+iwHZG1Az0vDcR//PaqQmv/IzLJDUo2WxRmApiYjJ5nvS4QmbEyBLKFLe3EjagijJjIyraELz5lxdJ47ziuRXv7qJcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/k2GPpw==</latexit>
 by,L
<latexit sha1_base64="xmQRDcCoi3xTEv5TJiTs0psB1W8=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsNNyJoGXQxsIigvmA5Ah7m0myZG/v3N0TjiN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XaWlldW19YLG8XNre2d3dLefkNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo5uJ33xCpXkkH0waox/SgeR9zqixUuss6Gbp6d24Wyq7FXcKski8nJQhR61b+ur0IpaEKA0TVOu258bGz6gynAkcFzuJxpiyER1g21JJQ9R+Nr13TI6t0iP9SNmShkzV3xMZDbVOw8B2htQM9bw3Ef/z2onpX/kZl3FiULLZon4iiInI5HnS4wqZEakllClubyVsSBVlxkZUtCF48y8vksZ5xXMr3v1FuXqdx1GAQziCE/DgEqpwCzWoAwMBz/AKb86j8+K8Ox+z1iUnnzmAP3A+fwCKQ4+h</latexit><latexit sha1_base64="xmQRDcCoi3xTEv5TJiTs0psB1W8=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsNNyJoGXQxsIigvmA5Ah7m0myZG/v3N0TjiN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XaWlldW19YLG8XNre2d3dLefkNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo5uJ33xCpXkkH0waox/SgeR9zqixUuss6Gbp6d24Wyq7FXcKski8nJQhR61b+ur0IpaEKA0TVOu258bGz6gynAkcFzuJxpiyER1g21JJQ9R+Nr13TI6t0iP9SNmShkzV3xMZDbVOw8B2htQM9bw3Ef/z2onpX/kZl3FiULLZon4iiInI5HnS4wqZEakllClubyVsSBVlxkZUtCF48y8vksZ5xXMr3v1FuXqdx1GAQziCE/DgEqpwCzWoAwMBz/AKb86j8+K8Ox+z1iUnnzmAP3A+fwCKQ4+h</latexit><latexit sha1_base64="xmQRDcCoi3xTEv5TJiTs0psB1W8=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsNNyJoGXQxsIigvmA5Ah7m0myZG/v3N0TjiN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XaWlldW19YLG8XNre2d3dLefkNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo5uJ33xCpXkkH0waox/SgeR9zqixUuss6Gbp6d24Wyq7FXcKski8nJQhR61b+ur0IpaEKA0TVOu258bGz6gynAkcFzuJxpiyER1g21JJQ9R+Nr13TI6t0iP9SNmShkzV3xMZDbVOw8B2htQM9bw3Ef/z2onpX/kZl3FiULLZon4iiInI5HnS4wqZEakllClubyVsSBVlxkZUtCF48y8vksZ5xXMr3v1FuXqdx1GAQziCE/DgEqpwCzWoAwMBz/AKb86j8+K8Ox+z1iUnnzmAP3A+fwCKQ4+h</latexit><latexit sha1_base64="xmQRDcCoi3xTEv5TJiTs0psB1W8=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhAsNNyJoGXQxsIigvmA5Ah7m0myZG/v3N0TjiN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCAWXBvX/XaWlldW19YLG8XNre2d3dLefkNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo5uJ33xCpXkkH0waox/SgeR9zqixUuss6Gbp6d24Wyq7FXcKski8nJQhR61b+ur0IpaEKA0TVOu258bGz6gynAkcFzuJxpiyER1g21JJQ9R+Nr13TI6t0iP9SNmShkzV3xMZDbVOw8B2htQM9bw3Ef/z2onpX/kZl3FiULLZon4iiInI5HnS4wqZEakllClubyVsSBVlxkZUtCF48y8vksZ5xXMr3v1FuXqdx1GAQziCE/DgEqpwCzWoAwMBz/AKb86j8+K8Ox+z1iUnnzmAP3A+fwCKQ4+h</latexit>
b)
k+R
<latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit>
k R
<latexit sha1_base64="kTxQp2W00uZF2RCjxbvRamucknQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FLx6rmLbQxrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNEySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HriNx+5NiJR9zhKeRDTvhKRYBSt5A+7dw9n3XLFrbpTkGXizUkF5qh3y1+dXsKymCtkkhrT9twUg5xqFEzycamTGZ5SNqR93rZU0ZibIJ8eOyYnVumRKNG2FJKp+nsip7Exozi0nTHFgVn0JuJ/XjvD6CrIhUoz5IrNFkWZJJiQyeekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo3zqudWvduLSq32NIujCEdwDKfgwSXU4Abq4AMDAc/wCm+Ocl6cd+dj1lpw5hEewh84nz9ub47R</latexit><latexit sha1_base64="kTxQp2W00uZF2RCjxbvRamucknQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FLx6rmLbQxrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNEySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HriNx+5NiJR9zhKeRDTvhKRYBSt5A+7dw9n3XLFrbpTkGXizUkF5qh3y1+dXsKymCtkkhrT9twUg5xqFEzycamTGZ5SNqR93rZU0ZibIJ8eOyYnVumRKNG2FJKp+nsip7Exozi0nTHFgVn0JuJ/XjvD6CrIhUoz5IrNFkWZJJiQyeekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo3zqudWvduLSq32NIujCEdwDKfgwSXU4Abq4AMDAc/wCm+Ocl6cd+dj1lpw5hEewh84nz9ub47R</latexit><latexit sha1_base64="kTxQp2W00uZF2RCjxbvRamucknQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FLx6rmLbQxrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNEySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HriNx+5NiJR9zhKeRDTvhKRYBSt5A+7dw9n3XLFrbpTkGXizUkF5qh3y1+dXsKymCtkkhrT9twUg5xqFEzycamTGZ5SNqR93rZU0ZibIJ8eOyYnVumRKNG2FJKp+nsip7Exozi0nTHFgVn0JuJ/XjvD6CrIhUoz5IrNFkWZJJiQyeekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo3zqudWvduLSq32NIujCEdwDKfgwSXU4Abq4AMDAc/wCm+Ocl6cd+dj1lpw5hEewh84nz9ub47R</latexit><latexit sha1_base64="kTxQp2W00uZF2RCjxbvRamucknQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FLx6rmLbQxrLZbtqlm03YnQglFPwHXjwo4tUf5M1/4/bjoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNEySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HriNx+5NiJR9zhKeRDTvhKRYBSt5A+7dw9n3XLFrbpTkGXizUkF5qh3y1+dXsKymCtkkhrT9twUg5xqFEzycamTGZ5SNqR93rZU0ZibIJ8eOyYnVumRKNG2FJKp+nsip7Exozi0nTHFgVn0JuJ/XjvD6CrIhUoz5IrNFkWZJJiQyeekJzRnKEeWUKaFvZWwAdWUoc2nZEPwFl9eJo3zqudWvduLSq32NIujCEdwDKfgwSXU4Abq4AMDAc/wCm+Ocl6cd+dj1lpw5hEewh84nz9ub47R</latexit>
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'+L
<latexit sha1_base64="Rf+J2jm0QcqmHHkxQqEef+mCXpA=">AAAB8nicdVBNS8NAEN34WetX1aOXxSIIQknaWttbwYsHDxXsB6S1bLabdukmG3YnhRL6M7x4UMSrv8ab/8ZtG0FFHww83pthZp4XCa7Btj+sldW19Y3NzFZ2e2d3bz93cNjSMlaUNakUUnU8opngIWsCB8E6kWIk8ARre+Orud+eMKW5DO9gGrFeQIYh9zklYCS3OyEqGvH+zf15P5e3C3alVCmWsSELGFK1L0q1EnZSJY9SNPq59+5A0jhgIVBBtHYdO4JeQhRwKtgs2401iwgdkyFzDQ1JwHQvWZw8w6dGGWBfKlMh4IX6fSIhgdbTwDOdAYGR/u3Nxb88Nwa/2kt4GMXAQrpc5McCg8Tz//GAK0ZBTA0hVHFzK6YjoggFk1LWhPD1Kf6ftIoFxy44t+V8vZbGkUHH6ASdIQddojq6Rg3URBRJ9ICe0LMF1qP1Yr0uW1esdOYI/YD19gkzr5Eq</latexit><latexit sha1_base64="Rf+J2jm0QcqmHHkxQqEef+mCXpA=">AAAB8nicdVBNS8NAEN34WetX1aOXxSIIQknaWttbwYsHDxXsB6S1bLabdukmG3YnhRL6M7x4UMSrv8ab/8ZtG0FFHww83pthZp4XCa7Btj+sldW19Y3NzFZ2e2d3bz93cNjSMlaUNakUUnU8opngIWsCB8E6kWIk8ARre+Orud+eMKW5DO9gGrFeQIYh9zklYCS3OyEqGvH+zf15P5e3C3alVCmWsSELGFK1L0q1EnZSJY9SNPq59+5A0jhgIVBBtHYdO4JeQhRwKtgs2401iwgdkyFzDQ1JwHQvWZw8w6dGGWBfKlMh4IX6fSIhgdbTwDOdAYGR/u3Nxb88Nwa/2kt4GMXAQrpc5McCg8Tz//GAK0ZBTA0hVHFzK6YjoggFk1LWhPD1Kf6ftIoFxy44t+V8vZbGkUHH6ASdIQddojq6Rg3URBRJ9ICe0LMF1qP1Yr0uW1esdOYI/YD19gkzr5Eq</latexit><latexit sha1_base64="Rf+J2jm0QcqmHHkxQqEef+mCXpA=">AAAB8nicdVBNS8NAEN34WetX1aOXxSIIQknaWttbwYsHDxXsB6S1bLabdukmG3YnhRL6M7x4UMSrv8ab/8ZtG0FFHww83pthZp4XCa7Btj+sldW19Y3NzFZ2e2d3bz93cNjSMlaUNakUUnU8opngIWsCB8E6kWIk8ARre+Orud+eMKW5DO9gGrFeQIYh9zklYCS3OyEqGvH+zf15P5e3C3alVCmWsSELGFK1L0q1EnZSJY9SNPq59+5A0jhgIVBBtHYdO4JeQhRwKtgs2401iwgdkyFzDQ1JwHQvWZw8w6dGGWBfKlMh4IX6fSIhgdbTwDOdAYGR/u3Nxb88Nwa/2kt4GMXAQrpc5McCg8Tz//GAK0ZBTA0hVHFzK6YjoggFk1LWhPD1Kf6ftIoFxy44t+V8vZbGkUHH6ASdIQddojq6Rg3URBRJ9ICe0LMF1qP1Yr0uW1esdOYI/YD19gkzr5Eq</latexit><latexit sha1_base64="Rf+J2jm0QcqmHHkxQqEef+mCXpA=">AAAB8nicdVBNS8NAEN34WetX1aOXxSIIQknaWttbwYsHDxXsB6S1bLabdukmG3YnhRL6M7x4UMSrv8ab/8ZtG0FFHww83pthZp4XCa7Btj+sldW19Y3NzFZ2e2d3bz93cNjSMlaUNakUUnU8opngIWsCB8E6kWIk8ARre+Orud+eMKW5DO9gGrFeQIYh9zklYCS3OyEqGvH+zf15P5e3C3alVCmWsSELGFK1L0q1EnZSJY9SNPq59+5A0jhgIVBBtHYdO4JeQhRwKtgs2401iwgdkyFzDQ1JwHQvWZw8w6dGGWBfKlMh4IX6fSIhgdbTwDOdAYGR/u3Nxb88Nwa/2kt4GMXAQrpc5McCg8Tz//GAK0ZBTA0hVHFzK6YjoggFk1LWhPD1Kf6ftIoFxy44t+V8vZbGkUHH6ASdIQddojq6Rg3URBRJ9ICe0LMF1qP1Yr0uW1esdOYI/YD19gkzr5Eq</latexit>
kx
<latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit>
ky
<latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit><latexit sha1_base64="n89yhv9k4nYlk1NNdbWMWX3m4tg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2g9oQ9lsN+3SzSbsToQQ+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1iFnC/YiOlAgFo2ilh8kgG1Rrbt2dg6wSryA1KNAcVL/6w5ilEVfIJDWm57kJ+jnVKJjk00o/NTyhbEJHvGepohE3fj4/dUrOrDIkYaxtKSRz9fdETiNjsiiwnRHFsVn2ZuJ/Xi/F8NrPhUpS5IotFoWpJBiT2d9kKDRnKDNLKNPC3krYmGrK0KZTsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAYMRPMMrvDnSeXHenY9Fa8kpZo7hD5zPH2JNjdI=</latexit>
kk
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<latexit sha1_base64="FKYF5yLc1Z8fvZiMmZIq1fliu+c=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4ccjUttPuim5cuKhga2E6lkyaaUMzmSHJFErpZ7hxoYhbv8adf2P6EFT0wIXDOfdy7z1BwpnSCH1YmZXVtfWN7GZua3tndy+/f9BScSoJbZKYx7IdYEU5E7Spmea0nUiKo4DTu2B4OfPvRlQqFotbPU6oH+G+YCEjWBvJ64ywTAase31/1s0XkI2qFbd4DpFdQhXXrRmCKuVaGUHHRnMUwBKNbv6904tJGlGhCcdKeQ5KtD/BUjPC6TTXSRVNMBniPvUMFTiiyp/MT57CE6P0YBhLU0LDufp9YoIjpcZRYDojrAfqtzcT//K8VIdVf8JEkmoqyGJRmHKoYzj7H/aYpETzsSGYSGZuhWSAJSbapJQzIXx9Cv8nraLtINu5KRXqF8s4suAIHINT4AAX1MEVaIAmICAGD+AJPFvaerRerNdFa8ZazhyCH7DePgFsSpFY</latexit><latexit sha1_base64="FKYF5yLc1Z8fvZiMmZIq1fliu+c=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4ccjUttPuim5cuKhga2E6lkyaaUMzmSHJFErpZ7hxoYhbv8adf2P6EFT0wIXDOfdy7z1BwpnSCH1YmZXVtfWN7GZua3tndy+/f9BScSoJbZKYx7IdYEU5E7Spmea0nUiKo4DTu2B4OfPvRlQqFotbPU6oH+G+YCEjWBvJ64ywTAase31/1s0XkI2qFbd4DpFdQhXXrRmCKuVaGUHHRnMUwBKNbv6904tJGlGhCcdKeQ5KtD/BUjPC6TTXSRVNMBniPvUMFTiiyp/MT57CE6P0YBhLU0LDufp9YoIjpcZRYDojrAfqtzcT//K8VIdVf8JEkmoqyGJRmHKoYzj7H/aYpETzsSGYSGZuhWSAJSbapJQzIXx9Cv8nraLtINu5KRXqF8s4suAIHINT4AAX1MEVaIAmICAGD+AJPFvaerRerNdFa8ZazhyCH7DePgFsSpFY</latexit><latexit sha1_base64="FKYF5yLc1Z8fvZiMmZIq1fliu+c=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4ccjUttPuim5cuKhga2E6lkyaaUMzmSHJFErpZ7hxoYhbv8adf2P6EFT0wIXDOfdy7z1BwpnSCH1YmZXVtfWN7GZua3tndy+/f9BScSoJbZKYx7IdYEU5E7Spmea0nUiKo4DTu2B4OfPvRlQqFotbPU6oH+G+YCEjWBvJ64ywTAase31/1s0XkI2qFbd4DpFdQhXXrRmCKuVaGUHHRnMUwBKNbv6904tJGlGhCcdKeQ5KtD/BUjPC6TTXSRVNMBniPvUMFTiiyp/MT57CE6P0YBhLU0LDufp9YoIjpcZRYDojrAfqtzcT//K8VIdVf8JEkmoqyGJRmHKoYzj7H/aYpETzsSGYSGZuhWSAJSbapJQzIXx9Cv8nraLtINu5KRXqF8s4suAIHINT4AAX1MEVaIAmICAGD+AJPFvaerRerNdFa8ZazhyCH7DePgFsSpFY</latexit><latexit sha1_base64="FKYF5yLc1Z8fvZiMmZIq1fliu+c=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4ccjUttPuim5cuKhga2E6lkyaaUMzmSHJFErpZ7hxoYhbv8adf2P6EFT0wIXDOfdy7z1BwpnSCH1YmZXVtfWN7GZua3tndy+/f9BScSoJbZKYx7IdYEU5E7Spmea0nUiKo4DTu2B4OfPvRlQqFotbPU6oH+G+YCEjWBvJ64ywTAase31/1s0XkI2qFbd4DpFdQhXXrRmCKuVaGUHHRnMUwBKNbv6904tJGlGhCcdKeQ5KtD/BUjPC6TTXSRVNMBniPvUMFTiiyp/MT57CE6P0YBhLU0LDufp9YoIjpcZRYDojrAfqtzcT//K8VIdVf8JEkmoqyGJRmHKoYzj7H/aYpETzsSGYSGZuhWSAJSbapJQzIXx9Cv8nraLtINu5KRXqF8s4suAIHINT4AAX1MEVaIAmICAGD+AJPFvaerRerNdFa8ZazhyCH7DePgFsSpFY</latexit>
by,L
<latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit>
by,L
<latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit>
by,R
<latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit>
by,R
<latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit>
c)
k+R
<latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit><latexit sha1_base64="HB5SQQA84eXUVlLKN1/xW1UrdkA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LXjxWMW2hjWWz3bRLN5uwOxFKKPgPvHhQxKs/yJv/xu3HQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4fXEbz5ybUSi7nGU8iCmfSUiwShayR927x7OuuWKW3WnIMvEm5MKzFHvlr86vYRlMVfIJDWm7bkpBjnVKJjk41InMzylbEj7vG2pojE3QT49dkxOrNIjUaJtKSRT9fdETmNjRnFoO2OKA7PoTcT/vHaG0VWQC5VmyBWbLYoySTAhk89JT2jOUI4soUwLeythA6opQ5tPyYbgLb68TBrnVc+tercXlVrtaRZHEY7gGE7Bg0uowQ3UwQcGAp7hFd4c5bw4787HrLXgzCM8hD9wPn8Aa2eOzw==</latexit>
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<latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit>0
<latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit>
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<latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit>
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<latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit><latexit sha1_base64="i6gJFO0mKOQaDsKoVEHv8tFhs8o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXjwUMHaQhvKZjtpl242YXcjhNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gWJ4Nq47rdTWlldW98ob1a2tnd296r7B486ThXDFotFrDoB1Si4xJbhRmAnUUijQGA7GN9M/fYTKs1j+WCyBP2IDiUPOaPGSu2gn2dnd5N+tebW3RnIMvEKUoMCzX71qzeIWRqhNExQrbuemxg/p8pwJnBS6aUaE8rGdIhdSyWNUPv57NwJObHKgISxsiUNmam/J3IaaZ1Fge2MqBnpRW8q/ud1UxNe+TmXSWpQsvmiMBXExGT6OxlwhcyIzBLKFLe3EjaiijJjE6rYELzFl5fJ43ndc+ve/UWtcV3EUYYjOIZT8OASGnALTWgBgzE8wyu8OYnz4rw7H/PWklPMHMIfOJ8/H+SPag==</latexit>
by,R
<latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit>
by,R
<latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit><latexit sha1_base64="Xu/TD4NxVMv/SPtH9sqvEniKpb8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYm2hDWWz3bRLN5uwOxFC6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777ZRWVtfWN8qbla3tnd296v7Bo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDP1209cGxGrB8wS7kd0qEQoGEUrtYN+np3dT/rVmlt3ZyDLxCtIDQo0+9Wv3iBmacQVMkmN6Xpugn5ONQom+aTSSw1PKBvTIe9aqmjEjZ/Pzp2QE6sMSBhrWwrJTP09kdPImCwKbGdEcWQWvan4n9dNMbzyc6GSFLli80VhKgnGZPo7GQjNGcrMEsq0sLcSNqKaMrQJVWwI3uLLy+TxvO65de/uota4LuIowxEcwyl4cAkNuIUmtIDBGJ7hFd6cxHlx3p2PeWvJKWYO4Q+czx8pAo9w</latexit>
d) x<latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit><latexit sha1_base64="Vg+cBMKvEFGyzOjoTY6RQWrrDFw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgY5mA+YDkCHubuWTN3t6xuyeGI2BvY6GIrT/Jzn/jXpJCEx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4JvfbD6g0j+WdmSToR3QoecgZNVZqPPbLFbfqzkBWibcgFVig3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHTolZ1YZkDBWtqQhM/X3REYjrSdRYDsjakZ62cvF/7xuasJrP+MySQ1KNl8UpoKYmORfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVQ9t+o1Liu12tM8jiKcwCmcgwdXUINbqEMTGCA8wyu8OffOi/PufMxbC84iwmP4A+fzBwuujXo=</latexit>0<latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit><latexit sha1_base64="tzke+OzRw0vProqMSopNaQV7y8M=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp4IWgZsLBMwH5AcYW8zl6zZ2zt294RwBOxtLBSx9SfZ+W/cfBSa+GDg8d4MM/PCVApjKf321tY3Nre2CzvF3b39g8PS0XHTJJnm2OCJTHQ7ZAalUNiwwkpspxpZHEpshaPbqd96RG1Eou7tOMUgZgMlIsGZdVKd9kplWqEzkFXiL0gZFqj1Sl/dfsKzGJXlkhnT8Wlqg5xpK7jESbGbGUwZH7EBdhxVLEYT5LNDJ+TcKX0SJdqVsmSm/p7IWWzMOA5dZ8zs0Cx7U/E/r5PZ6CbIhUozi4rPF0WZJDYh069JX2jkVo4dYVwLdyvhQ6YZty6bogvBX355lTQvKz6t+PWrcrX6NI+jAKdwBhfgwzVU4Q5q0AAOCM/wCm/eg/fivXsf89Y1bxHhCfyB9/kDnn+NMg==</latexit>
kx
<latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit><latexit sha1_base64="yAiy61B8Em11CsXiHjUhSyvr8ak=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN4KXjxWtB/QhrLZbtqlm03YnYgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89iPXRsTqAScJ9yM6VCIUjKKV7sf9p3654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNgyY3R</latexit>
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FIGURE 5.2: a) Projection of the band structure around the nodes as function of ky onto the in-
terface. Full colored hourglass shapes mark the energy windows where transmission is blocked
between nodes of equal chirality. Blue/green shaded regions mark the Energy windows for which
chiral filtering appears. The red shaded region corresponds to a full blockage of transmission. b)
Scheme of the Fermi spheres for finite relative shift in ky direction and same finite shift in energy
b0 between the nodes on both sides of the interface when all quasiparticle momenta are in the plane
kz = 0. Grey regions mark the states on the spheres that overlap when projected onto the interface
and thus contribute to transport. Colored arrows attached to the center of the spheres are the group
velocity vectors for excitations with a certain momentum component parallel to the interface. c)
Situation when one chirality is blocked. d) A finite mass distorts the spheres to ellipsoids and shifts
them towards the origin.
Ballistic transmission is only possible if there is an outgoing state with the same (ky, kz) as the incident
electron. In the following we show that a certain choice of shift parameters bν can lead to energy
windows in which the conductance between nodes of only one chirality is finite.
Therefore, the criterion for the blocking of the fermions with energy E and chirality τ can be written as
kτL + k
τ
R = |E + µτL|+ |E + µτR| < |∆b| . (5.32)
This means that the mutual shift of the nodes exceeds the sum of the wave vectors kL and kR, thereby
making impossible the overlap of their projections onto the interface plane.
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This illustrative condition shows that both types of shifts, bi and b0, need to be finite and ∆b 6= 0 in
order to achieve chiral filtering for a range of injection energies. The relative shift ∆b creates a window
in energy where transmission between nodes of the same chirality vanishes. When b0 is finite these
windows are shifted relatively to each other allowing for the transmission of one chirality only for a
range of injection energies (see Fig. 5.2 a), b), c). If ∆b = 0, for any choice of b0,L/R and µτL/R the
contributions to transport from one of the node types will only disappear when choosing the injection
energies E = −µ±L/R, i.e. at the energy of the band crossings.
5.2.2 Conduction through bulk states
In this section, we compute the differential conductance through an interface between two distinct
WSMs, in the geometry WSM1/WSM2. The interface is assumed to be sharp in x direction, and in-
variant by translations in the y and z directions. Only the 3D bulk states, written in the previous section,
are considered.
We first treat the case of completely decoupled nodes (m = 0), demonstrate chirality filtering and show
the corresponding experimental signature in differential conductance curves. We close this section by
showing that chirality filtering is robust against a moderate internode coupling (finite m).
Differential conductance









Tm,n(E) (fL(E)− fR(E)) , (5.33)
where Tm,n(E) = |tm,n(E)|2 is the transmission between channels m in the left lead and n in the
right lead. We assume elastic scattering, thus only modes with the same transverse momentum couple
to each other. The summation over the different channel combinations reduces to a summation over
all transverse modes. When the width of the sample is large against the Fermi wavelength and we
assume that the quasiparticles get ideally reflected at the edges, we can perform a continuum limit of
the summation over transverse modes. We label the channels in terms of the injection angles in the left
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<latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit>
 b
<latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit>
b)
<latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1U7PD9ZLKGt6E3XfwDKBxolCuq8=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei6GaYcaNLwY3LCvYB7Vgy6Z02NPMguaOUof/DjQtF/EHu/Demj4W2Hgh8nJNwb06YKWnI876d0sbm1vZOebeyV90/OKwdVVsmzbXApkhVqjshN6hkgk2SpLCTaeRxqLAdjm9nefsJtZFp8kCTDIOYDxMZScHJWo89hRG5YU/L4Ygu+rW653pzsXXwl1CHpRr92ldvkIo8xoSE4sZ0fS+joOCapFA4rfRygxkXYz7ErsWEx2iCYr71lJ1ZZ8CiVNuTEJu7v18UPDZmEof2ZsxpZFazmflf1s0pug4KmWQ5YSIWg6JcMUrZrAI2kBoFqYkFLrS0uzIx4poLskVVbAn+6pfXoXXp+p7r33tQhhM4hXPw4Qpu4A4a0AQBGl7gDd6dZ+fV+VjUVXKWvR3DHzmfP9N8kOA=</latexit><latexit sha1_base64="1U7PD9ZLKGt6E3XfwDKBxolCuq8=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei6GaYcaNLwY3LCvYB7Vgy6Z02NPMguaOUof/DjQtF/EHu/Demj4W2Hgh8nJNwb06YKWnI876d0sbm1vZOebeyV90/OKwdVVsmzbXApkhVqjshN6hkgk2SpLCTaeRxqLAdjm9nefsJtZFp8kCTDIOYDxMZScHJWo89hRG5YU/L4Ygu+rW653pzsXXwl1CHpRr92ldvkIo8xoSE4sZ0fS+joOCapFA4rfRygxkXYz7ErsWEx2iCYr71lJ1ZZ8CiVNuTEJu7v18UPDZmEof2ZsxpZFazmflf1s0pug4KmWQ5YSIWg6JcMUrZrAI2kBoFqYkFLrS0uzIx4poLskVVbAn+6pfXoXXp+p7r33tQhhM4hXPw4Qpu4A4a0AQBGl7gDd6dZ+fV+VjUVXKWvR3DHzmfP9N8kOA=</latexit><latexit sha1_base64="qqX+3bkUVBx9EFuh07kdUgbXqjM=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLoJSRe9Fj04rGC/YAmls120y7dbMLuRCml/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLMikMet63s7K6tr6xWdoqb+/s7u1XDg6bJs014w2WylS3I2q4FIo3UKDk7UxzmkSSt6LhzdRvPXJtRKrucZTxMKF9JWLBKFrpIZA8RjcKtOgP8LxbqXquNwNZJn5BqlCg3q18Bb2U5QlXyCQ1puN7GYZjqlEwySflIDc8o2xI+7xjqaIJN+F4dvWEnFqlR+JU21JIZurviTFNjBklke1MKA7MojcV//M6OcZX4VioLEeu2HxRnEuCKZlGQHpCc4ZyZAllWthbCRtQTRnaoMo2BH/x5WXSvHB9z/XvvGrtuoijBMdwAmfgwyXU4Bbq0AAGGp7hFd6cJ+fFeXc+5q0rTjFzBH/gfP4AHoeSPA==</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit>
c)
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FIGURE 5.3: Differential conductance for parameter regimes where chiral filtering is visible. From
a) to c) the shift in energy between Weyl nodes of opposite chirality is varied. Blue/green shaded
regions determine the bias window in which transmission is blocked for the +/−-node respectively,
The red shaded region corresponds to full blockage of the transmission. For all plots we set µL/B =
µR/B = 0.1, ∆b/B = 0.1, m = 0 and T = 0.
Chiral filtering for decoupled nodes
Let us start with the probably simplest case of equal and positive chemical potentials, the same shift in
energy b0 on both sides of the interface and a relative shift ∆b > 0. Then according to Eq. ( 5.32) we
get no transmission between nodes of chirality ± when
|E + µ∓ b0| < ∆b/2. (5.35)
The case of equally sized Fermi-spheres around nodes of same chirality is depicted schematically in
Fig. 5.2 b) and c). In Fig. 5.2 b) nodes of both chiralities contribute to the transport. The projections
of the Fermi spheres with same chirality onto the interface are marked by the grey shaded regions and
have a finite overlap in the kx-ky plane in momentum space. In Fig. 5.2 c) the shift in momentum
space between the nodes in the right WSM is increased and only quasiparticles with positive chirality
are transmitted.
The evolution of the differential conductance when changing the Weyl node separation in energy relative
to each other on both sides of the interface is shown in Fig. 5.3. When all parameters are chosen positive,
spin filtering appears in bias ranges ∆b centered around the points−µ±b0. If b0 > ∆b2 the bias intervals
for which only charge carries of one certain chirality get transmitted are well separated by an interval in
which both chiralities are transmitted as shown in Fig. 5.3 a). When decreasing the shift of the nodes
in energy b0 relative to the shift in momentum ∆b this intermediate interval disappears when b0 = ∆b2
(Fig. 5.3 b). Finally if b0 < ∆b2 , the two chiral filtering regions are separated by an interval in which no
transmission is possible (Fig. 5.3 c).
Weakly coupled nodes
To investigate the influence of a small internode coupling, we can derive effective Hamiltonians around
the Weyl points. We start by expanding the Hamiltonian around the +-node, thus k = b + q and in a
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first attempt assume m, |q|, b0  |by|. Then
H+(q) =
(
b0 + σq m








The block H22 with the dominant parameter b is mainly contributing to the high-energy bands where























= H11 − ε one finds the projected operator
G11
−1 + ε = H11 −H12G(0)22 H21, (5.39)
that is defined in the low energy subspace of the original Hamiltonian. To find an approximate operator

















Repeating the procedure for the Weyl node of opposite chirality, we find that the low energy dynamics
of the Weyl fermion in presence of a small internode coupling m is described by the following effective
Hamiltonians:
H+eff = (βb0 − µ)σ0 + γ (kxσx + kzσz) + (βky − δby)σy,

















. Thus, the mass introduces a anisotropy
in the group velocity and rescales the shift parameters bν . The Fermi spheres for a given energy are
ellipsoids where increasing m squeezes the surface in kx, kz and stretches it in ky shifting the origin of
the ellipsoid towards the origin. We can again use spherical coordinates to express the now distorted
Fermi spheres individually. Then the expression for T τ in Eq. (5.27) remains valid. What changes is the
condition for the momentum conservation parallel to the interface, so for a given energy E and injection
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<latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="68lzp2QPNZeqirbvMUG2steB0/k=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcGOZcaNLwY3LCk5baIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJuffEmRQWff/bq2xt7+zuVfdrB/XDo+PGSb1j09wwHrJUpqYXU8ul0DxEgZL3MsOpiiXvxtP7Mu8+c2NFqp9wlvFI0bEWiWAUS+tqoPJho+m3/IXIJgQraMJK7WHjazBKWa64Riaptf3AzzAqqEHBJJ/XBrnlGWVTOuZ9h5oqbqNiMeucXDhnRJLUuKORLNzfLwqqrJ2p2N1UFCd2PSvN/7J+jsltVAid5cg1W36U5JJgSsrFyUgYzlDOHFBmhJuVsAk1lKGrp+ZKCNZX3oTOdSvwW8GjD1U4g3O4hABu4A4eoA0hMJjAC7zBu6e8V+9jWVfFW/V2Cn/kff4ApyqMtw==</latexit><latexit sha1_base64="68lzp2QPNZeqirbvMUG2steB0/k=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcGOZcaNLwY3LCk5baIeSSTNtaJIZkjtCGfoKblwo4lO5823MtF1o64HAxzkJuffEmRQWff/bq2xt7+zuVfdrB/XDo+PGSb1j09wwHrJUpqYXU8ul0DxEgZL3MsOpiiXvxtP7Mu8+c2NFqp9wlvFI0bEWiWAUS+tqoPJho+m3/IXIJgQraMJK7WHjazBKWa64Riaptf3AzzAqqEHBJJ/XBrnlGWVTOuZ9h5oqbqNiMeucXDhnRJLUuKORLNzfLwqqrJ2p2N1UFCd2PSvN/7J+jsltVAid5cg1W36U5JJgSsrFyUgYzlDOHFBmhJuVsAk1lKGrp+ZKCNZX3oTOdSvwW8GjD1U4g3O4hABu4A4eoA0hMJjAC7zBu6e8V+9jWVfFW/V2Cn/kff4ApyqMtw==</latexit><latexit sha1_base64="fIGUr7yqBgowR/IZbI/J5BISRec=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgY7iz0TJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanPpoifTfrXm1/05yCoJClKDAs1+9as3iFkqUVkmqDHdwE9smFFtORM4q/RSgwllEzrCrqOKSjRhNr91Rs6cMiDDWLtSlszV3xMZlcZMZeQ6JbVjs+zl4n9eN7XD6zDjKkktKrZYNEwFsTHJHycDrpFZMXWEMs3drYSNqabMungqLoRg+eVV0r6sB349uPdrjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzZPei/fufSxaS14xcwx/4H3+AMXBjgk=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit><latexit sha1_base64="VItAo6yEinaLQ2118nTDlHGmO6M=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgxbArgh6DXjxGMA9IljA7mU2GzMwu8xDCkl/w4kERr/6QN//G2WQPmljQUFR1090VpZxp4/vfXmltfWNzq7xd2dnd2z+oHh61dWIVoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTu9zvPFGlWSIfzTSlocAjyWJGsMmli76wg2rNr/tzoFUSFKQGBZqD6ld/mBArqDSEY617gZ+aMMPKMMLprNK3mqaYTPCI9hyVWFAdZvNbZ+jMKUMUJ8qVNGiu/p7IsNB6KiLXKbAZ62UvF//zetbEN2HGZGoNlWSxKLYcmQTlj6MhU5QYPnUEE8XcrYiMscLEuHgqLoRg+eVV0r6sB349eLiqNW6LOMpwAqdwDgFcQwPuoQktIDCGZ3iFN094L96797FoLXnFzDH8gff5A8cBjg0=</latexit>
 b
<latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit>
 b
<latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit><latexit sha1_base64="8UY7BM0g68/QTqbXJmcISRdH2XA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGMDGQLGF20psMmX040yuEkJ/w4kERr/6ON//GSbIHTSxoKKq66e4KUiUNue63U1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtGtgBtUMsYGSVLYSjXyKFD4EAyvp/7DE2ojk/ieRin6Ee/HMpSCk5VanRtUxFnQLVfcqjsDWyZeTiqQo94tf3V6icgijEkobkzbc1Pyx1yTFAonpU5mMOViyPvYtjTmERp/PLt3wk6s0mNhom3FxGbq74kxj4wZRYHtjDgNzKI3Ff/z2hmFl/5YxmlGGIv5ojBTjBI2fZ71pEZBamQJF1raW5kYcM0F2YhKNgRv8eVl0jyrem7Vuzuv1K7yOIpwBMdwCh5cQA1uoQ4NEKDgGV7hzXl0Xpx352PeWnDymUP4A+fzB3Qtj5I=</latexit>
b)
<latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1U7PD9ZLKGt6E3XfwDKBxolCuq8=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei6GaYcaNLwY3LCvYB7Vgy6Z02NPMguaOUof/DjQtF/EHu/Demj4W2Hgh8nJNwb06YKWnI876d0sbm1vZOebeyV90/OKwdVVsmzbXApkhVqjshN6hkgk2SpLCTaeRxqLAdjm9nefsJtZFp8kCTDIOYDxMZScHJWo89hRG5YU/L4Ygu+rW653pzsXXwl1CHpRr92ldvkIo8xoSE4sZ0fS+joOCapFA4rfRygxkXYz7ErsWEx2iCYr71lJ1ZZ8CiVNuTEJu7v18UPDZmEof2ZsxpZFazmflf1s0pug4KmWQ5YSIWg6JcMUrZrAI2kBoFqYkFLrS0uzIx4poLskVVbAn+6pfXoXXp+p7r33tQhhM4hXPw4Qpu4A4a0AQBGl7gDd6dZ+fV+VjUVXKWvR3DHzmfP9N8kOA=</latexit><latexit sha1_base64="1U7PD9ZLKGt6E3XfwDKBxolCuq8=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei6GaYcaNLwY3LCvYB7Vgy6Z02NPMguaOUof/DjQtF/EHu/Demj4W2Hgh8nJNwb06YKWnI876d0sbm1vZOebeyV90/OKwdVVsmzbXApkhVqjshN6hkgk2SpLCTaeRxqLAdjm9nefsJtZFp8kCTDIOYDxMZScHJWo89hRG5YU/L4Ygu+rW653pzsXXwl1CHpRr92ldvkIo8xoSE4sZ0fS+joOCapFA4rfRygxkXYz7ErsWEx2iCYr71lJ1ZZ8CiVNuTEJu7v18UPDZmEof2ZsxpZFazmflf1s0pug4KmWQ5YSIWg6JcMUrZrAI2kBoFqYkFLrS0uzIx4poLskVVbAn+6pfXoXXp+p7r33tQhhM4hXPw4Qpu4A4a0AQBGl7gDd6dZ+fV+VjUVXKWvR3DHzmfP9N8kOA=</latexit><latexit sha1_base64="qqX+3bkUVBx9EFuh07kdUgbXqjM=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSLoJSRe9Fj04rGC/YAmls120y7dbMLuRCml/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLMikMet63s7K6tr6xWdoqb+/s7u1XDg6bJs014w2WylS3I2q4FIo3UKDk7UxzmkSSt6LhzdRvPXJtRKrucZTxMKF9JWLBKFrpIZA8RjcKtOgP8LxbqXquNwNZJn5BqlCg3q18Bb2U5QlXyCQ1puN7GYZjqlEwySflIDc8o2xI+7xjqaIJN+F4dvWEnFqlR+JU21JIZurviTFNjBklke1MKA7MojcV//M6OcZX4VioLEeu2HxRnEuCKZlGQHpCc4ZyZAllWthbCRtQTRnaoMo2BH/x5WXSvHB9z/XvvGrtuoijBMdwAmfgwyXU4Bbq0AAGGp7hFd6cJ+fFeXc+5q0rTjFzBH/gfP4AHoeSPA==</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit><latexit sha1_base64="K5sn3tW0PxoykoV1mGfP4nzL91c=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIugl5CIoMeiF48V7Ac0sWy2k3bpZhN2J0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemAqu0XW/rdLK6tr6RnmzsrW9s7tX3T9o6SRTDJosEYnqhFSD4BKayFFAJ1VA41BAOxzdTP32IyjNE3mP4xSCmA4kjzijaKQHX0CETugrPhjiWa9acx13BnuZeAWpkQKNXvXL7ycsi0EiE1TrruemGORUIWcCJhU/05BSNqID6BoqaQw6yGdXT+wTo/TtKFGmJNoz9fdETmOtx3FoOmOKQ73oTcX/vG6G0VWQc5lmCJLNF0WZsDGxpxHYfa6AoRgbQpni5labDamiDE1QFROCt/jyMmmdO57reHcXtfp1EUeZHJFjcko8cknq5JY0SJMwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AB/HkkA=</latexit>
c)
<latexit sha1_base64="fC/TZ6WoVlek7zOkUANrFCWQ06M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHthFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AynfjRo=</latexit><latexit sha1_base64="fC/TZ6WoVlek7zOkUANrFCWQ06M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHthFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AynfjRo=</latexit><latexit sha1_base64="fC/TZ6WoVlek7zOkUANrFCWQ06M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHthFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AynfjRo=</latexit><latexit sha1_base64="fC/TZ6WoVlek7zOkUANrFCWQ06M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHthFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AynfjRo=</latexit>































<latexit sha1_base64="43Y/ehq9YSwowZbdVpPClCER8Ks=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHuhFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AybVjRg=</latexit><latexit sha1_base64="43Y/ehq9YSwowZbdVpPClCER8Ks=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHuhFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AybVjRg=</latexit><latexit sha1_base64="43Y/ehq9YSwowZbdVpPClCER8Ks=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHuhFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AybVjRg=</latexit><latexit sha1_base64="43Y/ehq9YSwowZbdVpPClCER8Ks=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6LXjxWsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHuhFv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqsem7Vu69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AybVjRg=</latexit>
b0/B = 0.
<latexit sha1_base64="nUGf9qxcNR49WptWFdALWW874c0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukh6jvn11f+dWgX674VX8O9JcEOalAjka//NkbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/nBU3TilAGKlXYlLZqrPycyLIyZiMh1CmxHZtmbif953dTGl2HGZJJaKsliUZxyZBWafY8GTFNi+cQRTDRztyIywhoT6zIquRCC5Zf/ktZ5NXCJ3dUq9VoeRxGO4BhOIYALqMMtNKAJBAQ8wQu8etp79t6890VrwctnDuEXvI9vq3CO9A==</latexit><latexit sha1_base64="nUGf9qxcNR49WptWFdALWW874c0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukh6jvn11f+dWgX674VX8O9JcEOalAjka//NkbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/nBU3TilAGKlXYlLZqrPycyLIyZiMh1CmxHZtmbif953dTGl2HGZJJaKsliUZxyZBWafY8GTFNi+cQRTDRztyIywhoT6zIquRCC5Zf/ktZ5NXCJ3dUq9VoeRxGO4BhOIYALqMMtNKAJBAQ8wQu8etp79t6890VrwctnDuEXvI9vq3CO9A==</latexit><latexit sha1_base64="nUGf9qxcNR49WptWFdALWW874c0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukh6jvn11f+dWgX674VX8O9JcEOalAjka//NkbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/nBU3TilAGKlXYlLZqrPycyLIyZiMh1CmxHZtmbif953dTGl2HGZJJaKsliUZxyZBWafY8GTFNi+cQRTDRztyIywhoT6zIquRCC5Zf/ktZ5NXCJ3dUq9VoeRxGO4BhOIYALqMMtNKAJBAQ8wQu8etp79t6890VrwctnDuEXvI9vq3CO9A==</latexit><latexit sha1_base64="nUGf9qxcNR49WptWFdALWW874c0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQC9C0IvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7GNzO//Ui1YUre20lCQ4GHksWMYOukh6jvn11f+dWgX674VX8O9JcEOalAjka//NkbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/nBU3TilAGKlXYlLZqrPycyLIyZiMh1CmxHZtmbif953dTGl2HGZJJaKsliUZxyZBWafY8GTFNi+cQRTDRztyIywhoT6zIquRCC5Zf/ktZ5NXCJ3dUq9VoeRxGO4BhOIYALqMMtNKAJBAQ8wQu8etp79t6890VrwctnDuEXvI9vq3CO9A==</latexit>
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finite mass: m/B = 0.3
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FIGURE 5.4: Differential conductance for parameter regimes where chiral filtering is visible for
finite mass m/B = 0.3. From a) to c) the shift in energy between Weyl nodes of opposite chirality
is varied. Blue/green shaded regions determine the bias window in which transmission is blocked for
the +/−-node respectively. For all plots we set µL/B = µR/B = 0.1, ∆b/B = 0.1, m/B = 0.3





















with kτL/R = |E + µL/R − τβL/Rb0,L/R| must be fulfilled, T is now fully determined by the external
parameters. Let us turn to the condition for blocking and transmitting for a certain chirality. As before
transmission is possible if the projection of the Fermi-surfaces on both sides of the junction onto the
interface overlap . This time we deal with the overlap of ellipses that are shifted and stretched along
the ky-axis relatively to each other. Transmission, blocking between nodes of same chirality τ = ± is
possible if ∣∣∣∣µL + EβL − τb0,L
∣∣∣∣+ ∣∣∣∣µR + EβR − τb0,R
∣∣∣∣ ≷ ∣∣∣∣by,LδLβL − by,RδRβR
∣∣∣∣ , (5.44)
respectively. To get a feeling of this rather complicated expression for the blocking Eq. (5.44), let us
examine the limit µL = µR = µ, mL = mR = m, b0,L = b0,R = b0, by,L/R/B ≈ 1. Then the above
condition for blocking simplifies to
|µ+ E ∓ b0| < δ
∣∣∣∣∆b2
∣∣∣∣ . (5.45)
Within this crude approximation the finite mass reduces the energy window in which chiral filtering
appears due to the reduction of the relative shift of the nodes of same chirality in momentum space. The
exact evaluation of the blocking condition (5.44) and the calculated differential conductivity for the same
range of parameters as for the massless case are shown in Fig. 5.4 and indeed the windows of filtering,
marked by shaded green and blue regions, are reduced compared to m = 0. As can be deduced from
98
Chapter 5. Weyl semimetal interfaces as chiral valves



























B =0.1, dB =100



























B =0.1, dB =50



























B =0.1, dB =10
a)
<latexit sha1_base64="N8YEtppQbyy+UZtLJIFlWVxoVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3o1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASKfjQo=</latexit><latexit sha1_base64="N8YEtppQbyy+UZtLJIFlWVxoVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3o1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASKfjQo=</latexit><latexit sha1_base64="N8YEtppQbyy+UZtLJIFlWVxoVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3o1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASKfjQo=</latexit><latexit sha1_base64="N8YEtppQbyy+UZtLJIFlWVxoVv0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3o1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASKfjQo=</latexit>
b)
<latexit sha1_base64="E/tsLeoqPGTffHnkv2bAS3EFR0U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSfu66rlV775WadTyOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyQkjQs=</latexit><latexit sha1_base64="E/tsLeoqPGTffHnkv2bAS3EFR0U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSfu66rlV775WadTyOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyQkjQs=</latexit><latexit sha1_base64="E/tsLeoqPGTffHnkv2bAS3EFR0U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSfu66rlV775WadTyOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyQkjQs=</latexit><latexit sha1_base64="E/tsLeoqPGTffHnkv2bAS3EFR0U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSfu66rlV775WadTyOIpwBudwCR7UoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyQkjQs=</latexit>
c)
<latexit sha1_base64="Vkt28GJtxWrtH9L3HKWI3RJ7Zvs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3Y1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASWpjQw=</latexit><latexit sha1_base64="Vkt28GJtxWrtH9L3HKWI3RJ7Zvs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3Y1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASWpjQw=</latexit><latexit sha1_base64="Vkt28GJtxWrtH9L3HKWI3RJ7Zvs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3Y1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASWpjQw=</latexit><latexit sha1_base64="Vkt28GJtxWrtH9L3HKWI3RJ7Zvs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyWRQj0WvHisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB3Y1KFfcqrsAWSdeTiqQozkof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W1w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZv02GXCEzYmoJZYrbWwkbU0WZseGUbAje6svrpH1d9dyqd1+rNGp5HEU4g3O4BA/q0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASWpjQw=</latexit>
d = 1
<latexit sha1_base64="UgeAxGiewFOALcm5p2ayO7nu/CE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSibzaRdutmE3Y1QSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF2aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSaK4Y+S0WqOiHVKLhE33AjsJMppEkosB2O7mZ++wmV5ql8NOMMg4QOJI85o8ZKfnR747n9as2tu3OQVeIVpAYFmv3qVy9KWZ6gNExQrbuem5lgQpXhTOC00ss1ZpSN6AC7lkqaoA4m82On5MwqEYlTZUsaMld/T0xoovU4CW1nQs1QL3sz8T+vm5v4OphwmeUGJVssinNBTEpmn5OIK2RGjC2hTHF7K2FDqigzNp+KDcFbfnmVtC7qnlv3Hi5rjcsijjKcwCmcgwdX0IB7aIIPDDg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fre6N4g==</latexit><latexit sha1_base64="UgeAxGiewFOALcm5p2ayO7nu/CE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSibzaRdutmE3Y1QSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF2aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSaK4Y+S0WqOiHVKLhE33AjsJMppEkosB2O7mZ++wmV5ql8NOMMg4QOJI85o8ZKfnR747n9as2tu3OQVeIVpAYFmv3qVy9KWZ6gNExQrbuem5lgQpXhTOC00ss1ZpSN6AC7lkqaoA4m82On5MwqEYlTZUsaMld/T0xoovU4CW1nQs1QL3sz8T+vm5v4OphwmeUGJVssinNBTEpmn5OIK2RGjC2hTHF7K2FDqigzNp+KDcFbfnmVtC7qnlv3Hi5rjcsijjKcwCmcgwdX0IB7aIIPDDg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fre6N4g==</latexit><latexit sha1_base64="UgeAxGiewFOALcm5p2ayO7nu/CE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSibzaRdutmE3Y1QSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF2aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSaK4Y+S0WqOiHVKLhE33AjsJMppEkosB2O7mZ++wmV5ql8NOMMg4QOJI85o8ZKfnR747n9as2tu3OQVeIVpAYFmv3qVy9KWZ6gNExQrbuem5lgQpXhTOC00ss1ZpSN6AC7lkqaoA4m82On5MwqEYlTZUsaMld/T0xoovU4CW1nQs1QL3sz8T+vm5v4OphwmeUGJVssinNBTEpmn5OIK2RGjC2hTHF7K2FDqigzNp+KDcFbfnmVtC7qnlv3Hi5rjcsijjKcwCmcgwdX0IB7aIIPDDg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fre6N4g==</latexit><latexit sha1_base64="UgeAxGiewFOALcm5p2ayO7nu/CE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSibzaRdutmE3Y1QSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF2aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSaK4Y+S0WqOiHVKLhE33AjsJMppEkosB2O7mZ++wmV5ql8NOMMg4QOJI85o8ZKfnR747n9as2tu3OQVeIVpAYFmv3qVy9KWZ6gNExQrbuem5lgQpXhTOC00ss1ZpSN6AC7lkqaoA4m82On5MwqEYlTZUsaMld/T0xoovU4CW1nQs1QL3sz8T+vm5v4OphwmeUGJVssinNBTEpmn5OIK2RGjC2hTHF7K2FDqigzNp+KDcFbfnmVtC7qnlv3Hi5rjcsijjKcwCmcgwdX0IB7aIIPDDg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fre6N4g==</latexit>
dB = 50
<latexit sha1_base64="G/XFCldkpWTn4K45uu+XaJU95VA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9lIRS9C0YvHCqYttKFsNpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpAKrg3G305pbX1jc6u8XdnZ3ds/qB4etXWSKco8mohEdQOimeCSeYYbwbqpYiQOBOsE47uZ33liSvNEPppJyvyYDCWPOCXGSl54e3OJB9UaruM50CpxC1KDAq1B9asfJjSLmTRUEK17Lk6NnxNlOBVsWulnmqWEjsmQ9SyVJGbaz+fHTtGZVUIUJcqWNGiu/p7ISaz1JA5sZ0zMSC97M/E/r5eZ6NrPuUwzwyRdLIoygUyCZp+jkCtGjZhYQqji9lZER0QRamw+FRuCu/zyKmlf1F1cdx8atWajiKMMJ3AK5+DCFTThHlrgAQUOz/AKb450Xpx352PRWnKKmWP4A+fzB7QCjeY=</latexit><latexit sha1_base64="G/XFCldkpWTn4K45uu+XaJU95VA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9lIRS9C0YvHCqYttKFsNpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpAKrg3G305pbX1jc6u8XdnZ3ds/qB4etXWSKco8mohEdQOimeCSeYYbwbqpYiQOBOsE47uZ33liSvNEPppJyvyYDCWPOCXGSl54e3OJB9UaruM50CpxC1KDAq1B9asfJjSLmTRUEK17Lk6NnxNlOBVsWulnmqWEjsmQ9SyVJGbaz+fHTtGZVUIUJcqWNGiu/p7ISaz1JA5sZ0zMSC97M/E/r5eZ6NrPuUwzwyRdLIoygUyCZp+jkCtGjZhYQqji9lZER0QRamw+FRuCu/zyKmlf1F1cdx8atWajiKMMJ3AK5+DCFTThHlrgAQUOz/AKb450Xpx352PRWnKKmWP4A+fzB7QCjeY=</latexit><latexit sha1_base64="G/XFCldkpWTn4K45uu+XaJU95VA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9lIRS9C0YvHCqYttKFsNpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpAKrg3G305pbX1jc6u8XdnZ3ds/qB4etXWSKco8mohEdQOimeCSeYYbwbqpYiQOBOsE47uZ33liSvNEPppJyvyYDCWPOCXGSl54e3OJB9UaruM50CpxC1KDAq1B9asfJjSLmTRUEK17Lk6NnxNlOBVsWulnmqWEjsmQ9SyVJGbaz+fHTtGZVUIUJcqWNGiu/p7ISaz1JA5sZ0zMSC97M/E/r5eZ6NrPuUwzwyRdLIoygUyCZp+jkCtGjZhYQqji9lZER0QRamw+FRuCu/zyKmlf1F1cdx8atWajiKMMJ3AK5+DCFTThHlrgAQUOz/AKb450Xpx352PRWnKKmWP4A+fzB7QCjeY=</latexit><latexit sha1_base64="G/XFCldkpWTn4K45uu+XaJU95VA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU9lIRS9C0YvHCqYttKFsNpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpAKrg3G305pbX1jc6u8XdnZ3ds/qB4etXWSKco8mohEdQOimeCSeYYbwbqpYiQOBOsE47uZ33liSvNEPppJyvyYDCWPOCXGSl54e3OJB9UaruM50CpxC1KDAq1B9asfJjSLmTRUEK17Lk6NnxNlOBVsWulnmqWEjsmQ9SyVJGbaz+fHTtGZVUIUJcqWNGiu/p7ISaz1JA5sZ0zMSC97M/E/r5eZ6NrPuUwzwyRdLIoygUyCZp+jkCtGjZhYQqji9lZER0QRamw+FRuCu/zyKmlf1F1cdx8atWajiKMMJ3AK5+DCFTThHlrgAQUOz/AKb450Xpx352PRWnKKmWP4A+fzB7QCjeY=</latexit>
dB = 100
<latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fJZRj9kxe4kS+NZN1pSw3Z9tUik=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCqJG90IohuXFewD2qFkMpk2NpMMSUYoQ/+DGxeK+KPc+W9MHwttPRD4OCch954ok8I6jL+D0sbm1vZOebeyV90/OKwdVdtW54bxFtNSm25ELZdC8ZYTTvJuZjhNI8k70fhulneeubFCq0c3yXiY0qESiWDUeasd314TjAe1Om7gudA6kCXUYanmoPbVjzXLU64ck9TaHsGZCwtqnGCSTyv93PKMsjEd8p5HRVNuw2I+7RSdeSdGiTb+KIfm7u8XBU2tnaSRv5lSN7Kr2cz8L+vlLrkKC6Gy3HHFFh8luUROo9nqKBaGMycnHigzws+K2IgaypwvqOJLIKsrr0P7okFwgzxgKMMJnMI5ELiEG7iHJrSAwRO8wBu8Bzp4DT4WdZWCZW/H8EfB5w8AaYzS</latexit><latexit sha1_base64="fJZRj9kxe4kS+NZN1pSw3Z9tUik=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCqJG90IohuXFewD2qFkMpk2NpMMSUYoQ/+DGxeK+KPc+W9MHwttPRD4OCch954ok8I6jL+D0sbm1vZOebeyV90/OKwdVdtW54bxFtNSm25ELZdC8ZYTTvJuZjhNI8k70fhulneeubFCq0c3yXiY0qESiWDUeasd314TjAe1Om7gudA6kCXUYanmoPbVjzXLU64ck9TaHsGZCwtqnGCSTyv93PKMsjEd8p5HRVNuw2I+7RSdeSdGiTb+KIfm7u8XBU2tnaSRv5lSN7Kr2cz8L+vlLrkKC6Gy3HHFFh8luUROo9nqKBaGMycnHigzws+K2IgaypwvqOJLIKsrr0P7okFwgzxgKMMJnMI5ELiEG7iHJrSAwRO8wBu8Bzp4DT4WdZWCZW/H8EfB5w8AaYzS</latexit><latexit sha1_base64="4mgwKnL/jSO2qIBwFs7vIbqoi0c=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KlkR9CIUvXisYD+gXUo2m21js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSq4sRh/eyura+sbm6Wt8vbO7t5+5eCwZVSmKWtSJZTuhMQwwSVrWm4F66SakSQUrB2Obqd++4lpw5V8sOOUBQkZSB5zSqyTWtHNtY9xv1LFNTwDWiZ+QapQoNGvfPUiRbOESUsFMabr49QGOdGWU8Em5V5mWEroiAxY11FJEmaCfHbtBJ06JUKx0q6kRTP190ROEmPGSeg6E2KHZtGbiv953czGV0HOZZpZJul8UZwJZBWavo4irhm1YuwIoZq7WxEdEk2odQGVXQj+4svLpHVe83HNv8fV+kURRwmO4QTOwIdLqMMdNKAJFB7hGV7hzVPei/fufcxbV7xi5gj+wPv8ARutjhg=</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit><latexit sha1_base64="kRd6ftE0o9U+S1vnh3H94BCSPVs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQS9C0YvHCvYD2qVks9k2NpssSVYopf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC1PBjcX42yusrW9sbhW3Szu7e/sH5cOjllGZpqxJlVC6ExLDBJesabkVrJNqRpJQsHY4up357SemDVfywY5TFiRkIHnMKbFOakU31z7G/XIFV/EcaJX4OalAjka//NWLFM0SJi0VxJiuj1MbTIi2nAo2LfUyw1JCR2TAuo5KkjATTObXTtGZUyIUK+1KWjRXf09MSGLMOAldZ0Ls0Cx7M/E/r5vZ+CqYcJlmlkm6WBRnAlmFZq+jiGtGrRg7Qqjm7lZEh0QTal1AJReCv/zyKmldVH1c9e9rlXotj6MIJ3AK5+DDJdThDhrQBAqP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwAc7Y4c</latexit>
finite barrier and decoupled nodes
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FIGURE 5.5: Differential conductance for parameter regimes where chiral filtering is visible for
the case of the WSM1/WSM2/WSM1 geometry. From a) to c) the length of the WSM2 region is
increased. Blue/green shaded regions determine the bias window in which transmission is blocked
for the +/−-node respectively. For all plots we set b̂0/B = 0.1, µL/B = µR/B = 0.1, ∆b/B =
0.1, m/B = 0.0 and T = 0.
the blocking conditions this is due to an interplay of stretching the Fermi surfaces for a given energy in
ky and shifting the nodes closer to the origin in momentum space and simultaneously closer in energy
when m is increased.
Finite barrier
Here we consider the geometry of a WSM slab contacted between two distinct WSMs, in the geometry
WSM1/WSM2/WSM1. It consists of two interfaces (like the one considered in the previous section)
separated by a finite length d. In that case, even if we are in a parameter regime, where transmission
of only one chiral species of electrons is possible electrons of the blocked species can penetrate the
barrier due to tunneling. These tunneling currents will be exponentially suppressed with increasing
barrier thickness. Let us consider a WSM slab of width d centered (C) between two WSMs of the same
kind (L = R). In the spirit of Eq. (5.24) the Ansatz for the wave function across the interface, if only
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Ψ+C(x) = e
ik‖r‖
























The Ansatz is easily modified to the case when dealing with quasiparticles in other bands in any region
of the junction or when we have decaying solutions in the center region. In the case of propagating
99
5.3. Conclusion and perspectives
solutions we obtain the transmission
T τ =
4 (ατ )2 (ατC)











A1 = 4 (α
τ )2 (ατC)
2 cos2 (ϕτ ) cos2 (ϕτC) , (5.50)
A2 =
(
(ατ )2 + (ατC)
2 − 2sτsτCατατC sin (ϕτ ) sin (ϕτC)
)2
. (5.51)
Results for the differential conductance for the finite barrier are shown in Fig. 5.5. The decaying states
contribute significantly to the transport in the filtering regime when the barrier is not long enough
(Fig. 5.5 a) and thus the bias window where filtering appears is reduced. Increasing the width leads
to interference in the barrier that we see as oscillations of the differential conductance (Fig. 5.5 b, c) and
which leads to a lowered differential conductance when compared to the interface case. For very long
barriers the filter quality is restored as the tunneling contribution is exponentially suppressed when the
barrier length increases (Fig. 5.5 c).
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 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR =0.1
















































 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR =0.1















































 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR = .1










































 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR =0.1
continuum model
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a)
<latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit>
b)
<latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit>
b0
B = 0.0
<latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit>
b0
B = 0.0
<latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit><latexit sha1_base64="i1sfCQNs3Ue8uP6rZGBKIi5V2bM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiQi6EYounFZwT6gDWEynbRDJ5MwcyOWkF9x40IRt/6IO//GaZuFth64l8M59zJ3TpgKrsF1v63K2vrG5lZ1u7azu7d/YB/WOzrJFGVtmohE9UKimeCStYGDYL1UMRKHgnXDye3M7z4ypXkiH2CaMj8mI8kjTgkYKbDrA4gUoXkYuEV+U1y7jhvYDdPnwKvEK0kDlWgF9tdgmNAsZhKoIFr3PTcFPycKOBWsqA0yzVJCJ2TE+oZKEjPt5/PbC3xqlCGOEmVKAp6rvzdyEms9jUMzGRMY62VvJv7n9TOIrvycyzQDJunioSgTGBI8CwIPuWIUxNQQQhU3t2I6JiYLMHHVTAje8pdXSefc8VzHu79oNJ0yjio6RifoDHnoEjXRHWqhNqLoCT2jV/RmFdaL9W59LEYrVrlzhP7A+vwB856TpQ==</latexit>
b0
B = 0.025
<latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit>
b0
B = 0.025
<latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit><latexit sha1_base64="yX1x4ar/UrYebBmyflyqu6I35n0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZKi6EYounFZwT6gDWEynbRDJ5MwcyPUEPwVNy4Ucet/uPNvnLZZaOuByz2ccy9z5wSJ4Boc59taWl5ZXVsvbZQ3t7Z3du29/ZaOU0VZk8YiVp2AaCa4ZE3gIFgnUYxEgWDtYHQz8dsPTGkey3sYJ8yLyEDykFMCRvLtwx6EitAs8J08u86vnKpTO/ftiulT4EXiFqSCCjR8+6vXj2kaMQlUEK27rpOAlxEFnAqWl3upZgmhIzJgXUMliZj2sun1OT4xSh+HsTIlAU/V3xsZibQeR4GZjAgM9bw3Ef/zuimEl17GZZICk3T2UJgKDDGeRIH7XDEKYmwIoYqbWzEdEpMGmMDKJgR3/suLpFWruk7VvTur1KtFHCV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBU7B+gPrM8f5vuUIA==</latexit>
b0
B = 0.05
<latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit>
b0
B = 0.05
<latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit><latexit sha1_base64="pn8oldVWSjWoSABSednLIQIXq+g=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUQU3QhFNy4r2Ae0IUymk3boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7J0wF1+C639bK6tr6xmZlq7q9s7u3bx8ctnWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuE49up33lkSvNEPkCeMj8mQ8kjTgkYKbBrfYgUoUUYuJPiZnLtOu5FYNdNmwEvE68kdVSiGdhf/UFCs5hJoIJo3fPcFPyCKOBUsEm1n2mWEjomQ9YzVJKYab+YHT/BJ0YZ4ChRpiTgmfp7oyCx1nkcmsmYwEgvelPxP6+XQXTlF1ymGTBJ5w9FmcCQ4GkSeMAVoyByQwhV3NyK6YiYMMDkVTUheItfXibtM8dzHe/+vN5wyjgq6Agdo1PkoUvUQHeoiVqIohw9o1f0Zj1ZL9a79TEfXbHKnRr6A+vzB2+Ak+Q=</latexit>b0
B = 0.1
<latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit>
b0
B = 0.1
<latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit><latexit sha1_base64="GcbZ5xxYzdwNLcAEL9fEsjn88gA=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuAqJCLoRim5cVrAXaEOYTCft0MkkzJyIJeRV3LhQxK0v4s63cdpmoa0/DPz85xzOmS9MBdfgut9WZW19Y3Orul3b2d3bP7AP6x2dZIqyNk1Eonoh0UxwydrAQbBeqhiJQ8G64eR2Vu8+MqV5Ih9gmjI/JiPJI04JmCiw6wOIFKF5GLhFflNcu44X2A3XcefCq8YrTQOVagX212CY0CxmEqggWvc9NwU/Jwo4FayoDTLNUkInZMT6xkoSM+3n89sLfGqSIY4SZZ4EPE9/T+Qk1noah6YzJjDWy7VZ+F+tn0F05edcphkwSReLokxgSPAMBB5yxSiIqTGEKm5uxXRMDAswuGoGgrf85VXTOXc8Q+z+otF0ShxVdIxO0Bny0CVqojvUQm1E0RN6Rq/ozSqsF+vd+li0Vqxy5gj9kfX5A/Uik6Y=</latexit>






















































<latexit sha1_base64="UY1hj88/Ic1mf8UmPLThhg5yw98=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigm4KRRFcVrAPaEOYTKftkMmDmUkxhv6JGxeKuPVP3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7bnn8z9dtjKiSLwgeVxtQJ8DBkA0aw0pJrmrcV303PfPex5rtPNevUNctW1ZoBLRM7J2XI0XDNr14/IklAQ0U4lrJrW7FyMiwUI5xOSr1E0hgTHw9pV9MQB1Q62ezyCTrRSh8NIqErVGim/p7IcCBlGni6M8BqJBe9qfif103U4MrJWBgnioZkvmiQcKQiNI0B9ZmgRPFUE0wE07ciMsICE6XDKukQ7MWXl0nrvGpbVfv+oly/zuMowhEcQwVsuIQ63EEDmkBgDM/wCm9GZrwY78bHvLVg5DOH8AfG5w/fapKA</latexit><latexit sha1_base64="UY1hj88/Ic1mf8UmPLThhg5yw98=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigm4KRRFcVrAPaEOYTKftkMmDmUkxhv6JGxeKuPVP3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7bnn8z9dtjKiSLwgeVxtQJ8DBkA0aw0pJrmrcV303PfPex5rtPNevUNctW1ZoBLRM7J2XI0XDNr14/IklAQ0U4lrJrW7FyMiwUI5xOSr1E0hgTHw9pV9MQB1Q62ezyCTrRSh8NIqErVGim/p7IcCBlGni6M8BqJBe9qfif103U4MrJWBgnioZkvmiQcKQiNI0B9ZmgRPFUE0wE07ciMsICE6XDKukQ7MWXl0nrvGpbVfv+oly/zuMowhEcQwVsuIQ63EEDmkBgDM/wCm9GZrwY78bHvLVg5DOH8AfG5w/fapKA</latexit><latexit sha1_base64="UY1hj88/Ic1mf8UmPLThhg5yw98=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigm4KRRFcVrAPaEOYTKftkMmDmUkxhv6JGxeKuPVP3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7bnn8z9dtjKiSLwgeVxtQJ8DBkA0aw0pJrmrcV303PfPex5rtPNevUNctW1ZoBLRM7J2XI0XDNr14/IklAQ0U4lrJrW7FyMiwUI5xOSr1E0hgTHw9pV9MQB1Q62ezyCTrRSh8NIqErVGim/p7IcCBlGni6M8BqJBe9qfif103U4MrJWBgnioZkvmiQcKQiNI0B9ZmgRPFUE0wE07ciMsICE6XDKukQ7MWXl0nrvGpbVfv+oly/zuMowhEcQwVsuIQ63EEDmkBgDM/wCm9GZrwY78bHvLVg5DOH8AfG5w/fapKA</latexit><latexit sha1_base64="UY1hj88/Ic1mf8UmPLThhg5yw98=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUoigm4KRRFcVrAPaEOYTKftkMmDmUkxhv6JGxeKuPVP3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7bnn8z9dtjKiSLwgeVxtQJ8DBkA0aw0pJrmrcV303PfPex5rtPNevUNctW1ZoBLRM7J2XI0XDNr14/IklAQ0U4lrJrW7FyMiwUI5xOSr1E0hgTHw9pV9MQB1Q62ezyCTrRSh8NIqErVGim/p7IcCBlGni6M8BqJBe9qfif103U4MrJWBgnioZkvmiQcKQiNI0B9ZmgRPFUE0wE07ciMsICE6XDKukQ7MWXl0nrvGpbVfv+oly/zuMowhEcQwVsuIQ63EEDmkBgDM/wCm9GZrwY78bHvLVg5DOH8AfG5w/fapKA</latexit>




































 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR =0.1






























































































 b =0.1, b0 =[0. 0.025 0.05 0.1 ], µL = µR =0.1
continuum model
<latexit sha1_base64="toi085tpOM/kBZ+B9ikOejTcueY=">AAAB+HicbVDJSgNBEO1xjXFJ1KOXxiB4CjNB0GPAi8cIZoFkCD09laRJL0MvQgz5Ei8eFPHqp3jzb+wkc9DEBwWP96qoqpdknBkbht/BxubW9s5uYa+4f3B4VCofn7SMcppCkyqudCchBjiT0LTMcuhkGohIOLST8e3cbz+CNkzJBzvJIBZkKNmAUWK91C+XqJKWSecEFioF3i9Xwmq4AF4nUU4qKEejX/7qpYo6AdJSTozpRmFm4ynRllEOs2LPGcgIHZMhdD2VRICJp4vDZ/jCKykeKO1LWrxQf09MiTBmIhLfKYgdmVVvLv7ndZ0d3MRTJjNnQdLlooHj2Co8TwGnTAO1fOIJoZr5WzEdEU2o9VkVfQjR6svrpFWrRmE1uq9V6ld5HAV0hs7RJYrQNaqjO9RATUSRQ8/oFb0FT8FL8B58LFs3gnzmFP1B8PkDCUaTRA==</latexit><latexit sha1_base64="toi085tpOM/kBZ+B9ikOejTcueY=">AAAB+HicbVDJSgNBEO1xjXFJ1KOXxiB4CjNB0GPAi8cIZoFkCD09laRJL0MvQgz5Ei8eFPHqp3jzb+wkc9DEBwWP96qoqpdknBkbht/BxubW9s5uYa+4f3B4VCofn7SMcppCkyqudCchBjiT0LTMcuhkGohIOLST8e3cbz+CNkzJBzvJIBZkKNmAUWK91C+XqJKWSecEFioF3i9Xwmq4AF4nUU4qKEejX/7qpYo6AdJSTozpRmFm4ynRllEOs2LPGcgIHZMhdD2VRICJp4vDZ/jCKykeKO1LWrxQf09MiTBmIhLfKYgdmVVvLv7ndZ0d3MRTJjNnQdLlooHj2Co8TwGnTAO1fOIJoZr5WzEdEU2o9VkVfQjR6svrpFWrRmE1uq9V6ld5HAV0hs7RJYrQNaqjO9RATUSRQ8/oFb0FT8FL8B58LFs3gnzmFP1B8PkDCUaTRA==</latexit><latexit sha1_base64="toi085tpOM/kBZ+B9ikOejTcueY=">AAAB+HicbVDJSgNBEO1xjXFJ1KOXxiB4CjNB0GPAi8cIZoFkCD09laRJL0MvQgz5Ei8eFPHqp3jzb+wkc9DEBwWP96qoqpdknBkbht/BxubW9s5uYa+4f3B4VCofn7SMcppCkyqudCchBjiT0LTMcuhkGohIOLST8e3cbz+CNkzJBzvJIBZkKNmAUWK91C+XqJKWSecEFioF3i9Xwmq4AF4nUU4qKEejX/7qpYo6AdJSTozpRmFm4ynRllEOs2LPGcgIHZMhdD2VRICJp4vDZ/jCKykeKO1LWrxQf09MiTBmIhLfKYgdmVVvLv7ndZ0d3MRTJjNnQdLlooHj2Co8TwGnTAO1fOIJoZr5WzEdEU2o9VkVfQjR6svrpFWrRmE1uq9V6ld5HAV0hs7RJYrQNaqjO9RATUSRQ8/oFb0FT8FL8B58LFs3gnzmFP1B8PkDCUaTRA==</latexit><latexit sha1_base64="toi085tpOM/kBZ+B9ikOejTcueY=">AAAB+HicbVDJSgNBEO1xjXFJ1KOXxiB4CjNB0GPAi8cIZoFkCD09laRJL0MvQgz5Ei8eFPHqp3jzb+wkc9DEBwWP96qoqpdknBkbht/BxubW9s5uYa+4f3B4VCofn7SMcppCkyqudCchBjiT0LTMcuhkGohIOLST8e3cbz+CNkzJBzvJIBZkKNmAUWK91C+XqJKWSecEFioF3i9Xwmq4AF4nUU4qKEejX/7qpYo6AdJSTozpRmFm4ynRllEOs2LPGcgIHZMhdD2VRICJp4vDZ/jCKykeKO1LWrxQf09MiTBmIhLfKYgdmVVvLv7ndZ0d3MRTJjNnQdLlooHj2Co8TwGnTAO1fOIJoZr5WzEdEU2o9VkVfQjR6svrpFWrRmE1uq9V6ld5HAV0hs7RJYrQNaqjO9RATUSRQ8/oFb0FT8FL8B58LFs3gnzmFP1B8PkDCUaTRA==</latexit>
finite slab
<latexit sha1_base64="XlxsWRfh9MDQv/AocpGD3JGsNZY=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT2WTI7Mwy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VpVJY9P1vb2Nza3tnt7RX3j84PDqunJy2rc4M4y2mpTbdiFouheItFCh5NzWcJpHknWhyN/c7T9xYodUjTlMeJnSkRCwYRSf1YqEEcmIljQaVql/zFyDrJChIFQo0B5Wv/lCzLOEKmaTW9gI/xTCnBgWTfFbuZ5anlE3oiPccVTThNswXJ8/IpVOGJNbGlUKyUH9P5DSxdppErjOhOLar3lz8z+tlGN+GuVBphlyx5aI4kwQ1mf9PhsJwhnLqCGVGuFsJG1NDGbqUyi6EYPXlddKu1wK/FjzUq43rIo4SnMMFXEEAN9CAe2hCCxhoeIZXePPQe/HevY9l64ZXzJzBH3ifPyWAkRk=</latexit><latexit sha1_base64="XlxsWRfh9MDQv/AocpGD3JGsNZY=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT2WTI7Mwy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VpVJY9P1vb2Nza3tnt7RX3j84PDqunJy2rc4M4y2mpTbdiFouheItFCh5NzWcJpHknWhyN/c7T9xYodUjTlMeJnSkRCwYRSf1YqEEcmIljQaVql/zFyDrJChIFQo0B5Wv/lCzLOEKmaTW9gI/xTCnBgWTfFbuZ5anlE3oiPccVTThNswXJ8/IpVOGJNbGlUKyUH9P5DSxdppErjOhOLar3lz8z+tlGN+GuVBphlyx5aI4kwQ1mf9PhsJwhnLqCGVGuFsJG1NDGbqUyi6EYPXlddKu1wK/FjzUq43rIo4SnMMFXEEAN9CAe2hCCxhoeIZXePPQe/HevY9l64ZXzJzBH3ifPyWAkRk=</latexit><latexit sha1_base64="XlxsWRfh9MDQv/AocpGD3JGsNZY=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT2WTI7Mwy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VpVJY9P1vb2Nza3tnt7RX3j84PDqunJy2rc4M4y2mpTbdiFouheItFCh5NzWcJpHknWhyN/c7T9xYodUjTlMeJnSkRCwYRSf1YqEEcmIljQaVql/zFyDrJChIFQo0B5Wv/lCzLOEKmaTW9gI/xTCnBgWTfFbuZ5anlE3oiPccVTThNswXJ8/IpVOGJNbGlUKyUH9P5DSxdppErjOhOLar3lz8z+tlGN+GuVBphlyx5aI4kwQ1mf9PhsJwhnLqCGVGuFsJG1NDGbqUyi6EYPXlddKu1wK/FjzUq43rIo4SnMMFXEEAN9CAe2hCCxhoeIZXePPQe/HevY9l64ZXzJzBH3ifPyWAkRk=</latexit><latexit sha1_base64="XlxsWRfh9MDQv/AocpGD3JGsNZY=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT2WTI7Mwy0yuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090VpVJY9P1vb2Nza3tnt7RX3j84PDqunJy2rc4M4y2mpTbdiFouheItFCh5NzWcJpHknWhyN/c7T9xYodUjTlMeJnSkRCwYRSf1YqEEcmIljQaVql/zFyDrJChIFQo0B5Wv/lCzLOEKmaTW9gI/xTCnBgWTfFbuZ5anlE3oiPccVTThNswXJ8/IpVOGJNbGlUKyUH9P5DSxdppErjOhOLar3lz8z+tlGN+GuVBphlyx5aI4kwQ1mf9PhsJwhnLqCGVGuFsJG1NDGbqUyi6EYPXlddKu1wK/FjzUq43rIo4SnMMFXEEAN9CAe2hCCxhoeIZXePPQe/HevY9l64ZXzJzBH3ifPyWAkRk=</latexit>
a)
<latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit><latexit sha1_base64="Xim1YJ2HhzFHPp80e45IDIeWJ2w=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPdCrQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UY3viZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2rem7Vu69VGvU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8ASH/jQg=</latexit>
b)
<latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit><latexit sha1_base64="eqCLlxb6mOq7SY+GIV3jrD/Rn2Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBLyUpBT0WvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPQRXg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSbtW9dyqd1+rNOp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5AyOEjQk=</latexit>
b0
B = 0.0
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FIGURE 5.6: Projection of the band structures around the Weyl nodes of the leads for a
WSM1/WSM2 interface in the blocking regime for a) the continuum model and b) a lattice model
for a finite slab ofN = 200 sites in the z-direction. Blue bands correspond to the left lead and green
bands to the right lead. In both systems the interface is in the y-z plane, x is the transport direction,
the Weyl node separation in y-direction is ∆b = 0.1B and µL = µR = 0.1B. In both systems we
marked the blocking regime and the chiral filtering regimes as predicted by the continuum model.
The blocking regime corresponds to the red shaded region while blue and green shaded regions cor-
respond to the filtering regimes. In the blocking regime for the finite slab geometry only the surface
states are present and would contribute to the charge transport.
We introduced the model for an interface WSM1/WSM2 between two distinct WSMs, and we derive the
general criteria to obtain chirality filtering, or even a complete conduction blockade over all chirality
channels. We calculated the differential conductance across the interface which can be measured in
experiments. A regime of complete blocking of the bulk conduction has been identified and the effect
of a moderate internode coupling has been investigated. We then extended the differential conductance
calculations to the barrier geometry WSM1/WSM2/WSM1.
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Chapter 5. Weyl semimetal interfaces as chiral valves
In this chapter we investigated the transport properties of the bulk materials forming the interface. In a
realistic finite system, additional transport channel can open due to the formation of Fermi arcs at the
surfaces of the material. If the system dimensions are large against the Fermi wavelength, the number of
open transport channels in the bulk will generally be much higher then the number of channels due to the
edge states. Thus, if both contribute to the transport, the contribution from the edge states will be masked
by the bulk conductivity. Clearly, in the blocking regime, there is no charge transport due to bulk states.
This bulk blocking regime would provide an ideal set-up to measure the conduction carried solely by
Fermi arcs (see Fig. 5.6). We are currently working on a proposal for realistic material interfaces which




This thesis studied the interplay between superconducting correlations and spin-active fields for a variety
of hybrid systems. The biggest part of the thesis was dedicated to the Josephson effect under the influence
of magnetic and spin-orbit coupling (SOC) fields. In chapter 2 we investigated the Andreev bound
state formation and the current phase relationship, in a ballistic Josephson junction between spin-split
superconductors. Collinear but asymmetric exchange fields led to a spin dependent asymmetry of the
superconducting gap on both sides of the junction. This resulted in a reduction of the maximal Andreev
bound state energy and the appearance of intervals of the phase difference between the superconductors,
with no formation of Andreev bound states in the short junction limit. In these intervals, the Josephson
current is carried purely by states of the continuous part of the spectrum. Outside this interval the
spectral origin of the current can be tuned between the states of the continuum and the Andreev bound
states by changing the transmissivity of the junction. The predicted spectral and transport properties
due to spin-dependent gap asymmetry are qualitatively similar to those of a previously studied system
which considered asymmetric gap sizes in the superconducting leads. However in the magnetic case the
exchange field magnitude, and thus the gap asymmetry, is limited by the Clogston-Chandrasekar limit
above which the paramagnetic pair breaking effect would cause a break down of superconductivity.
In chapter 3 we reviewed how to circumvent the paramagnetic pair breaking effect in diffusive S/F het-
erostructures and demonstrated how SOC can lead to a rotation of triplet superconducting correlations.
Components that are perpendicular to the orientation of the exchange field are long ranged and decay
on a length scale comparable to a non magnetic system. We proposed two realistic Josephson junctions
to detect the long range triplet correlations (LRTCs) that are generated by SOC. We determined the sig-
nature of these correlations, a long-ranged Josephson current. We found that the Josephson current was
composed of two distinct contributions, originating in spin precession and anisotropic spin relaxation
effects. These strongly depend on the orientation of the exchange field and the strength of the SOC.
Competition between the two contributions leads to a variety of current reversal scenarios which repre-
sent an unequivocal LRTC signature. Furthermore, the possible manipulation of the Josephson current
through external fields demonstrates the applicability of the proposed junctions as current valves and
switches.
Following these studies of the Josephson effect, in chapter 4 we turned to another equilibrium phe-
nomenon, the equilibrium spin currents (ESC). We showed that in a nanowire with SOC breaking the
time-reversal symmetry by a Zeeman field leads to a bulk equilibrium spin current that results in a edge
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spin accumulation transverse to the Zeeman field and the SOC field. This transverse edge spin accu-
mulation appears in the normal state, but also when the nanowire is superconducting itself due to, for
example, the proximity to a superconductor. The described correspondence between ESC and the edge
spin accumulation is of particular relevance to the detection of possible Majorana zero modes in such
systems. Several works proposed a transverse edge spin polarization at the critical value of the exchange
field, where the wire enters the topological phase (h =
√
µ2 + ∆2), as a signature of Majorana zero
modes. We show that the ESC, and therefore the transverse edge spin polarization, is finite for all values
of the exchange field. Besides the previously predicted signature a cusp at the topological transition, we
identify another maximum of the polarization in the quasi-classical parameter regime when h ≈ ∆. It
is robust against disorder and can exceed the maximum at the topological transition by orders of magni-
tudes, especially for small SOC. Therefore a transverse edge polarization is not exclusively related to the
appearance of Majorana zero modes but more importantly is a signature of ESC. Finally we determined
the spatial distribution of the magnetization of a superconducting SOC wire in the quasi-classical regime
and thus directly demonstrated the appearance of a transverse edge polarization in a finite system. In
this work we showed that the theoretical concept of equilibrium spin currents is directly connected to
a physical observable that can be detected using the methods of modern nanotechnology to measure
spin-densities as scanning tunneling microscopy or nuclear magnetic resonance spectroscopy.
In the last part of the thesis we investigated the bulk transport properties of interfaces between Weyl
semimetals (WSM). We proposed a simple realization of a three-dimensional chirality filter based on
interfacing two distinct chiral WSMs, where the Weyl nodes of opposite chirality on each side of the in-
terface are separated in energy and momentum space. We calculated the differential conductance across
the interface and identified the regimes where it is possible to achieve transmission of one, none, or both
chiralities. A moderate internode coupling and a finite length barrier geometry WSM1/WSM2/WSM1
have also been investigated. We found that both cases restrict the parameter regime where the filtering
effect takes place when compared to the interface in the massless case. Initially the project was aiming
to study the influence of superconducting correlations on the transport properties across WSM interfaces
however this has been left for future work.
We are currently investigating realistic materials that exhibit Weyl nodes at similar points in the Brillouin
zone and would act as chirality filter when interfaced. We are also working on a full description of the
conductivity of such interfaces including the contributions from edge transport channels that appear in
finite slab systems. The blocking regime, where there is no transmission of either chirality through the
bulk, is of particular interest as it opens the path to investigate the edge transport individually.
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A.1 Spin generalized BdG equation
We start from a more general version of the BCS mean field Hamiltonian that allows arbitrary spin-




























V (k,k′)α,β,γ,δ = 〈k, α;−k, β|V̂ |k′, γ;−k′, δ〉. (A.3)
is the matrix element is given by of an general attractive two-particle interaction. We neglected mean

















where we have again omitted constant terms. The new operators obey the fermionic anti-commutation
relations and create the excitations of the system, the so-called Bogolons with dispersion Ekσ. What we
are interested in is how an eigenvector of HmfBCS can be expressed in the electron-hole basis. Therefore
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we calculate the equation of motion for the annihilation operator. In order to describe ferromagnetism
we include a Zeeman term 1.81, so we need to compute
i∂tck,σ = [ck,σ,HmfBCS +Hex]. (A.6)
This leads to
i∂tck,σ = ξkck,σ −
∑
β






∆k,α,β has the same symmetry as a two-fermion wavefunction. Antisymmetry regarding particle ex-
change implies ∆k,α,β = −∆−k,β,α. We insert the Bogoliubov-transformed operators (A.4) into the
equation of motion (A.7). Calculating the time derivative of the quasiparticle operators on the left side
(i∂tγk,σ = Ek,σγk,σ) and gathering the terms with γk,σ, γ
†
k,σ respectively we obtain
Ek,σ′uk,σ,σ′ = ξkuk,σ,σ′ −
∑
β




Ek,σ′vk,σ,σ′ = −ξ−kvk,σ,σ′ +
∑
β




Rewriting the equations in a matrix form with respect to σ and σ′ we obtain the BdG equation:

ξk − hz −hx + ihy ∆↑↑(k) ∆↑↓(k)
−hx − ihy ξk + hz ∆↓↑(k) ∆↓↓(k)
−∆∗↑↑(−k) −∆∗↑↓(−k) −ξ−k + hz hx + ihy



























where underlined and double-underlined characters indicate 2 component vectors and 2 × 2 matrices,
respectively. Using the definition of the Bogoliubov transformation (A.4) one sees that the coefficients
uσk correspond to the probability amplitude for having a electron-like excitation whereas vσk corre-
sponds to a hole-like excitation. The submatrix ∆(k) describes a potential that couples electron-like and
hole-like states. If the pairing potential is zero one again obtains the normal single-particle Hamiltonian
to describe the F region. Setting the magnetization to zero we can describe the superconductor. The BdG
equation allows us to calculate the four-component quasiparticle wavefunction for a given excitation en-
ergy. For this case is is not necessary to label the solutions by the second spin index σ thus we drop it in
further calculations.
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As already stated, the pairing potential has the same symmetry as the a two-fermion wavefunction, which
implies
∆(k) = −∆T (−k). (A.11)
In the case of singlet pairing the orbital part of the wave function is even, so the pairing matrix has to be







Transforming back into real space assuming a k independent paring matrix leads us to the BdG Eq.(1.83)
used in Sec.(1.3) and chapter 2.
A.2 Linearized Eilenberger equation
Assume that the order parameter ∆ is small compared to the typical excitation energy, in consequence





= sign(ωn)τ3 + f̌ . (A.13)



















[ǧ, 〈ǧ〉] . (A.14)
and we need to evaluate:
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τ3 (ωn − iA0) , f̌
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(f − 〈f〉) .
(A.15)
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A.3 Linearized Usadel equation
We expand f in spherical harmonics f ≈ f0+nkfk+. . . and average the linearized Eilenberger equation
over the momentum direction. We will obtain a set of coupled equations to determine the coefficients














and is easy to see that
〈2ωnf〉 = 2ωnf0 = {ωn, f0}
〈2i∆sign(ωn)〉 = 2i∆sign(ωn)
−i 〈{A0, f}〉 = −i {A0, f0}













































with dim = 1, 2, 3 the dimension of the system. To determine the coefficients f0, fk we multiply



















nk′ (f − 〈f〉)
〉
. (A.17)
The right hand side is (f ≈ f0 + nkfk)
−sign(ωn)
τ


































〈nk {ωn − iA0, f}〉 = 〈nk {ωn − iA0, f0}〉︸ ︷︷ ︸
=0
+ 〈nk {ωn − iA0, nk′fk′}〉 = {ωn − iA0, fk}







= 〈nk {niFij , fj}〉 = {Fkj , fj} . (A.19)
We obtain the set of coupled equations
vF
dim
∇̃kfk + {ωn − iA0, f0}+ 2i∆ sign(ωn) = 0 (A.20)
vF∇̃kf0 + {ωn − iA0, fk} −
1
2m




The second equation allows to write fk in terms of f0 in orders of τ . Up to second order in τ (inserting













= −τsgn(ωn)vF∇̃kf0 + τ2vF
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ωn − iA0, ∇̃kf0
}
can be written as
{
ωn − iA0, ∇̃kf0
}





where the first term on the right hand side is proportional to τ3 [103], and the last term renormalizes the
paramagnetic effects, i.e. it appears in the equation like A0. So we can neglect the first term and will









+ {ωn − iA0, f0}+ 2i∆sgn(ωn) = 0























+ {ωn − iA0, f0}+ 2i∆sgn(ωn) = 0. (A.24)
A.4 Domain wall - perturbative solution
The solution of the linear domain wall problem up to first order in Q is obtained by solving Eqs.(3.14)-
(3.17). In the domain wall the general solution is





with Y1/2 = − Qλ±
γfBCS
λ±2−κ2ω
and Ci to be determined by the boundary conditions. At the S/F interface,
using the condition (3.15) and assuming h T gives
C1 − C2 = iQsign(ωn)ξhξωγfBCS (A.26)
Rotating back the solution in the domain wall into the original frame gives
f̂(x) = f̃s(x)σ̂
0 + f̃yt (x) (σ̂
z cos(Qx) + sin(Qx)σ̂y) + f̃zt (x) (−σ̂z sin(Qx) + cos(Qx)σ̂y) . (A.27)
If we assume that w  ξh and that the rotation of the field is only small Qw  1, then f̃s(w), f̃zt (w)
are very small. Also the part of f̃yt (x) ∝ Y1, Y2 is decayed as well. We can approximately match the
rotated homogeneous solution in the domain wall with the rotated homogeneous solution for x > w:
f̂yt ≈
(C1eκωx + C2e−κωx) (−σ̂z cos(Qx) + sin(Qx)σ̂y) ; x < w(C3e−κωx) (−σ̂z cos(Qx) + sin(Qx)σ̂y) ; x > w. (A.28)
Using that Qw  1 as well as the continuity and continuity of the derivative at x = w, together with
Eq.(A.26) leads to the folowing result in the homegenous part of the F region:
fyt (x) = isign(ωn)QξhξωγfBCSe
−κωx. (A.29)
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A.5 Perturbative solution for the triplet junction
Basic equations
After performing the z-integration, the resulting system of differential equations for the transformed










































− 2|ωn|f̃zt −DΓ̄zbf̃ bt = 0. (A.33)
In the barrier region |x| < L/2 we get
D∂2xf̃s − 2|ωn|f̃s − 2isign(ωn)h̄f̃xt = 0 (A.34)
D∂2xf̃
x
t − 2|ωn|f̃xt − 2isign(ωn)h̄f̃s = 0 (A.35)
D∂2xf̃
y
t − 2|ωn|f̃yt = 0 (A.36)
D∂2xf̃
z
t − 2|ωn|f̃zt = 0. (A.37)
The z-integration causes a averaging of the couplings as described in the main text. The solution of this





























at the boundaries between the different regions. The spin precesion tensor components Cabk and DP















with η(ϑ) = ᾱ cos(ϑ) + β̄ sin(ϑ) and ζ(ϑ) = −ᾱ sin(ϑ) + β̄ cos(ϑ). The equations (A.30)-(A.39) fully
determine the junction system within the limits of the approximations mentioned in the main text.
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Zeroth order correction
As in the main text we consider the junction type 1 assuming semi-infinite leads. Solving the above








λ−x + f bxe
−iϕ





















−λ−x + f bxe
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and the bulk solutions for the singlet and triplet x component






















The Ansatz for the solution of Eq.(3.68) reads
f̃zt,1(x) =
K1e
κωx + ZL1 e
λ+x + ZL2 e
λ−x, x < −L2
K2e
κωx +K3e
−κωx, |x| < L2
K4e
−κωx + ZR1 e
−λ+x + ZR2 e






















































κωx + Y L2 e
λ+x + Y L3 e
λ−x + Y L4 , x < −L2
L2e
κωx + L3e




−κωx + Y R2 e
−λ+x + Y R3 e








































consistent with the first order correction















A.6 Solution of the Eilenberger equation for a semi-infinite wire
The Eilenberger equation in 1D for the Zeeman field and Rashba SOC oriented as in the main work is
±vF∂xǧ± = i [±αkF σ̂y + τ3 (iωn + hσ̂z) + iτ2∆, ǧ±] . (A.59)
Here ǧ± denotes the the Green’s functions for both propagation directions ±vF . We assume that the
wire extends over the region x > 0. This equation has to solved toghether with the boundary contitions
1. Total reflection at x = 0, ǧ+(0) = ǧ−(0)
2. Boundness at x = +∞





where ǧ(0) = g0τ3 + f0τ2 is the BCS Green’s function in Matsubara frequency space, with g0 = ωn/E,
f0 = ∆/E and E =
√
ω2n + ∆
2. ǧ(1)(x) is the first order correction in the Zeeman field h. The first





±Eǧ(0) − iα̃σ̂y, ǧ(1)±
]
= ±2τ1σ̂zhf0 (A.61)
where we set vF = 1 and α̃ = αm. We search for the solution of the form
g
(1)
± (x) = U±(x)g̃±(x)U
−1
± (x) (A.62)




. Inserting this Ansatz into Eq.(A.59) gives
∂xg̃
± = ±2hf0U−1± τ1σ̂zU± = ±2hf0τ1σ̂zU2±. (A.63)
Integrating the equation leads to

















With this the solution can be written as
ǧ
(1)












where we used that eǧ
(0)Exg̃(0) = g̃(0)e−ǧ
(0)Ex due to the normalization condition of the Green’s
function. We need to impose boundedness of the solution. So g̃(0) has to cancel exponentially growing
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We make the Ansatz g̃(0) = − hf0
E2+α̃2
τ1(Eǧ
(0)σ̂z + α̃bσ̂x), where b has to be determined from the




yx = 0 (A.68)




with A−1 = e−iα̃σ̂



















The exponentially growing part gets canceled by construction, se we can keep only the decaying part of























The symmetric part of the above Green’s function is
δǧ(1)s (x) = ǧ
(1)
+ (x) + ǧ
(1)
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Phys. Rev. X 7, 031010 (2017).
[38] E. Majorana and L. Maiani, Il Nuovo Cimento 14, 171 (1937).
[39] A. Y. Kitaev, Physi.-Usp. 44, 131 (2001).
[40] J. Leinaas and J. Myrheim, Nuovo Cimento Soc. Ital. Fis B 37B, 1 (1977).
[41] C. Nayak, S. H. Simon, A. Stern, M. Freedman, and S. Das Sarma, Rev. Mod. Phys. 80, 1083
(2008).
[42] J. Nilsson, A. R. Akhmerov, and C. W. J. Beenakker, Phys. Rev. Lett. 101, 120403 (2008).
[43] J. D. Sau, R. M. Lutchyn, S. Tewari, and S. Das Sarma, Phys. Rev. Lett. 104, 040502 (2010).
[44] M. A. Silaev and G. E. Volovik, J. Low Temp. Phys. 161, 460 (2010).
120
[45] Y. Oreg, G. Refael, and F. Von Oppen, Phys. Rev. Lett. 105, 177002 (2010).
[46] A. Das, Y. Ronen, Y. Most, Y. Oreg, M. Heiblum, and H. Shtrikman, Nat. Phys. 8, 887 (2012).
[47] V. Mourik, K. Zuo, S. M. Frolov, S. R. Plissard, E. P. A. M. Bakkers, and L. P. Kouwenhoven,
Science 336, 1003 (2012).
[48] T. D. Stanescu, S. Tewari, J. D. Sau, and S. Das Sarma, Phys. Rev. Lett. 109, 1 (2012).
[49] C. H. Lin, J. D. Sau, and S. Das Sarma, Phys. Rev. B 86, 1 (2012).
[50] J. Liu, A. C. Potter, K. T. Law, and P. A. Lee, Phys. Rev. Lett. 109, 1 (2012).
[51] D. Sticlet, C. Bena, and P. Simon, Phys. Rev. Lett. 108, 096802 (2012).
[52] T. Ojanen, Phys. Rev. Lett. 109, 226804 (2012).
[53] I. V. Tokatly, B. Bujnowski, and F. S. Bergeret, arxiv (2019), arXiv:1901.07890 .
[54] N. P. Armitage, E. J. Mele, and A. Vishwanath, Rev. Mod. Phys. 90, 15001 (2018).
[55] H. Weng, C. Fang, Z. Fang, B. Andrei Bernevig, and X. Dai, Phys. Rev. X 5, 1 (2015).
[56] S. M. Huang, S. Y. Xu, I. Belopolski, C. C. Lee, G. Chang, B. Wang, N. Alidoust, G. Bian,
M. Neupane, C. Zhang, S. Jia, A. Bansil, H. Lin, and M. Z. Hasan, Nat. Commun. 6, 1 (2015).
[57] B. Q. Lv, H. M. Weng, B. B. Fu, X. P. Wang, H. Miao, J. Ma, P. Richard, X. C. Huang, L. X.
Zhao, G. F. Chen, Z. Fang, X. Dai, T. Qian, and H. Ding, Phys. Rev. X 5, 1 (2015).
[58] N. Bovenzi, M. Breitkreiz, P. Baireuther, T. E. O’Brien, J. Tworzydło, I. Adagideli, and C. W.
Beenakker, Phys. Rev. B 96, 1 (2017).
[59] R. D. Hills, A. Kusmartseva, and F. V. Kusmartsev, Phys. Rev. B 95, 1 (2017).
[60] V. H. Nguyen and J. C. Charlier, Phys. Rev. B 97, 1 (2018).
[61] Q. D. Jiang, H. Jiang, H. Liu, Q. F. Sun, and X. C. Xie, Phys. Rev. Lett. 115, 1 (2015).
[62] S. A. Yang, H. Pan, and F. Zhang, Phys. Rev. Lett. 115, 1 (2015).
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